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PREFACE. 


Ip  only  in  the  eyes  of  those  valued  friends  whose  kindly  interest 
in  my  work  has  ofttimes  been  as  great  a  stimulus  to  sustained 
exertion  in  the  laborious  task  of  translation  as  it  has  been  a  solace 
in  the  usual  and  varied  delays  and  disappointments  of  publishing, 
I  feel  that  perhaps  some  justification  of  myself  is  necessary  for  the 
late  appearance  of  this  volume  ;  so  much  later  than  either  they  or 
I  had  anticipated.  The  delay  has  in  a  great  measure  been  due  to 
my  being  obliged  to  recast  a  large  portion  of  my  first  manuscript,  in 
order  to  bring  it  down  to  a  new  and  much  enlarged  and  altered 
Fourth  Edition  of  the  original ;  commenced  just  as  I  had  concluded 
my  translation  more  than  a  year  ago,  and  the  "  Proofs  *'  of  which 
I  received  as  they  w^ere  pressed  off,  and  revised  by  the  Author. 
The  task  accomplished,  however,  I  now  feel  my  regret  at  tlie  delay 
lightened  to  a  great  extent  by  the  consideration,  that  through  it  the. 
value  of  the  work  is  considerably  enhanced,  and  that  the  latter  now 
contains  the  most  recently  gathered  matter  from  many  important 
fields  of  investigation;  passing,  as  it  does,  through  the  printer's 
hands,  at  the  same  time,  with  the  last  edition  of  the  original. 

As  regards  the  work  which  I  now  present  to  my  medical  brethren 
in  an  English  dress,  and  which  has  already  been  translated  into 
French,  any  lengthy  personal  testimony  to  its  value  is  unnecessary. 
The  fact  that  it  now  appears  for  the  foiirfh  time  in  a  new  edition  is 
a  sufficient  proof  of  the  favour  with  which  it  is  regarded  as  a  hand- 
book in  Germany,  wehere  it  was  recommended  to  myself,  when  a 
student  in  that  country,  as  the  best  work  of  its  kind,  by  one  of  the 
fathers  of  Histology,  my  late  valued  and  lamented  teacher  and 
friend,  Professor  Max  Schnitze.     But  I  am  aware  this  translation 
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leaves  much  to  be  desired;  and  yet  to  those  critics  thoroughly 
familiar  with  German  literature,  I  feel  but  little  apprehension  in 
submitting  it,  confident  that  fully  conversant  with  the  varied  diffi- 
culties of  rendering  German  into  English,  they  will  be  lenient  to 
its  faults  and  careful  of  censure.  In  undertaking  the  work  I  have 
been  actuated  by  the  desire  to  render  accessible  to  my  fellow- 
students,  young  and  old,  a  good  standard  work,  which  has  been 
a  great  aid  to  myself  in  dealing  with  a  subject  as  yet  but  little 
studied  in  English-speaking  countries,  and  especially  in  my  own, 
and  upon  which  we  possess  but  few  native  manuals.  I  have  been 
prompted,  moreover,  by  the  feeling  that  we  all  need  to  enter  more 
fully  into  the  spirit  of  other  men's  researches  before  we  can  deal 
fairly  with  their  theories,  or  deduce  any  practical  conclusions  from 
their  investigations.  And  I  cannot  but  think  that  a  greater  effort 
should  be  made  by  all  medical  men  who  love  progress,  to  vindi- 
cate the  dignity  of  Pathological  Histology  as  a  science  in  this 
country,  and  to  raise  it  above  the  complacent  smiles  of  a  large  class 
appropriating  to  themselves  the  title  of  "  the  thoroughly  practical," 
who,  for  the  most  part,  ignorant  of  its  most  elementary  principles, 
appear  to  regard  it  as  merely  the  pet  hobby  of  a  few  vague  theorisers 
and  entirely  unprofitable.  General  profit  will  only  accrue  to  the 
practical  surgeon  or  physician  when^  after  patient  toilj  all  are  able 
to  view  the  subject  closely  and  from  its  many  aspects.  If  my 
humble  efforts  to  render  this  easier,  by  giving  the  English  reader 
access  to  a  compendium  of  the  views  of  the  greatest  histologists 
arranged  in  a  system,  conduce,  in  however  small  a  degree,  to  this 
desirable  end,  I  shall  deem  my  labour  well  bestowed. 

In  conclusion,  I  have  to  express  my  cordial  thanks  to  Professor 
Emerson  Reynolds  for  some  valuable  suggestions  in  regard  to 
chemical  terms  in  the  first  part  of  this  work,  the  "  Proofs  "  of  which 
he  was  kind  enough  to  read  over. 

A.  K  J.  R 

S  Hume  Street,  Dubun, 
October  1874. 
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HISTOLOGY  AND  HISTOCHEMISTRY  OF  MAN. 


INTRODUCTION 

51. 
Through  the  industry  and  perseverance  of  many  talented  investigators, 
human  anatomy,  as  a  science,  had  already  reached  an  advanced  stage  of 
development  so  early  as  the  close  of  the  last  centur}'.  As  far  as  the 
(iissecting  knifo  could  open  up  the  structure  of  parts,  these  had  been 
investigated  in  a  manner  sufficiently  detailed  for  the  requirements  of  the 
practical  physician.  And  let  us  here  offer  the  easy  tribute  of  remem- 
brance to  tlie  name  of  Sömmerring,  which  will  ever  be  connected  with 
this  particular  branch  of  study.  That  progress  in  development  to  bo 
observed  in  all  branches  of  natural  science  as  a  consequence  of  one  of 
the  nobler  characteristics  of  human  intellect,  had  also  become  manifest  in 
anatomy.  Out  of  a  multitude  of  isolated  facts  general  principles  had 
been  established.  Anatomists  had  begun  to  recognise  the  significance  of 
the  occurrence  over  and  over  again,  in  the  most  dissimilar  parts  of  the 
body,  of  certain  definite  structures,  such  as  bone,  cartilage,  muscle,  and 
nerves,  but  slightly  or  not  at  all  modified  in  each,  though  taking  a  most 
important  part  in  their  formation.  Here  then,  we  have  the  origin  of 
"  GENERAL  ANATOMY,"  the  study  of  the  structure  of  the  body. 

But  again,  bones,  cartilages,  muscles,  and  nerves  were  observed  each 
to  be  made  up  of  smaller  parts,  and  it  became  necessary  to  resolve  them 
into  those  ultimate  elements  of  form  of  which  they  are  composed,  in  such 
a  manner  as  to  be  able  to  recognise  the  latter  in  various  situations. 
Thus  the  conception  of  an  "animal  tissue"  originated,  and  with  it  the 
consideration  of  tissues,  or  "  Histology,"  as  a  special  branch  of  anatomical 
study.  This,  although  the  most  important  part,  constitutes  by  no  means 
the  whole  of  general  anatomy. 

By  tissues  we  understand  organic  masses,  in  so  far  as  they  are  made 
up  of  more  minute  parts,  and  receive  from  these  their  physical,  chemical, 
anatomical,  and  physiological  characters. 

The  various  arrangement  and  nature  of  these  minute  parts  gives  rise 
to  the  difference  in  what  is  termed  the  "  texture "  of  tlio  mass ;  they 
themselves  are  known  as  "  tissue  elements."  But  these  constituents  of 
form,  these  particles  composing  the  tissues,  are,  in  the  marvellous  con- 


2  MANUAL  OF  HISTOLOGY. 

struction  of  the  animal  body,  of  such  minuteness  that  the  usual  instru- 
ments of  anatomical  dbsection  arc  insufficient  for  their  discovery  and 
recognition,  and  we  are  therefore  obliged  to  look  aroimd  us  for  other 
assistance.  On  the  other  hand,  a  tissue,  as  such,  may  be  investigated  to 
a  cortaia  extent  with  the  means  at  the  disposal  of  an  earlier  epoch, 
when  there  is  no  question  as  to  its  further  resolution  or  insight  into  its 
ultimate  composition.  Indeed,  we  see  the  rudiments  of  histology  in  the 
first  discoveries  of  a  period  long  gone  by.  But  as  these  could  only  bo 
of  historic  interest  when  we  consider  the  vast  strides  that  science  has 
since  made,  we  shall  pass  them  over  without  further  comment 

Fortunately  for  us,  the  science  of  general  anatomy  at  the  close  of  the 
eighteenth  century  numbered  amongst  its  students  a  highly  gifted  man, 
through  whose  genius  it  underwent  an  amount  of  development  greatly  to 
be  wondered  at,  when  we  consider  the  scanty  aids  to  investigation  of 
that  period 

This  man  was  M.  F.  X,  Bichut,  who  died  at  Paris  in  the  year  1802, 
at  the  early  age  of  thirty-one,  thus  terminating  a  career  memorable  in 
the  annals  of  medicina  Child  of  a  stiixing  time,  urged  on  by  the  great 
and  celebrated  philosophers  of  his  day,  and,  we  might  add,  inspired  by 
that  spirit  of  accurate  investigation  of  which  science  of  the  present 
day  is  so  proud,  he  founded  a  system  of  histology  by  the  help  of  the 
anatomical  knife,  chemical  analysis,  and  of  pathological  and  physiological 
research,  which  his  immediate  successors  were  unable  to  improve  upon  to 
any  considerable  extent  for  lack  of  newer  methods  of  examination. 

With  Bichat  there  commenced  and  reached  its  zenith  an  epoch  in 
histological  research  which  may  be  designated  as  that  of  investigation 
without  the  microscope — as  that  in  which  the  tisme-elenients  still  remained 
veiled  in  obscurity. 

Remarks. — BiehcU*8  essays  are  to  be  found  in  a  large  work  entitled  Anatomie 
ffHUraJe  appliq^ue  ä  la  physiologie  eta  la  mididne,  which  appeared  in  Paris  in  the 
year  1801,  and  was  frequently  reproduced  afterwards. 

§2. 

The  second  epoch  of  histology  may  be  termed  that  of  microscopical 
research-;  as  that  of  penetration  down  to  the  elements  of  the  tissues.  From 
this  period  our  science  took  the  name  of  Microscopical  Anatomy,  however 
inappropriate  this  term  may  be.  Its  first  crude  beginnings  are  lost  in 
the  clouds  of  a  period  far  remote,  in  that  age  of  reformative  activity  to 
which  we  owe  the  vigour  of  our  modern  intellectuality.  In  its  scientific 
development  it  is  the  oli'spring  of  a  maturer  age,  and  the  founders  of  the 
science  of  modem  histology  are  many  of  them  still  alive. 

Three  nationalities  contend  fur  the  honor  of  having  been  the  first  to 
discover  the  microscope — this  instrument  which  has  enabled  us  to  pene- 
trate into  the  regions  of  "  The  Minute."  These  are  the  English,  Dutch, 
and  Italians.  There  can  bo  but  little  doubt,  however,  that  the  first 
instrument  of  the  kind  was  constructed  by  a  Dutch  optician  of  the  name 
of  Z,  Janssen,  about  the  year  1590 ;  and  that  Drehhel,  Galileiy  and 
Fontana f  are  incorrectly  stated  to  be  the  discoverers.  This  much,  how- 
ever, is  incontestably  proved,  that  many  microscopes  had  been  manu- 
factured before  the  middle  of  the  seventeenth  century,  and  soon  after 
came  into  use  in  scientific  research. 

Marcello  Malpighi  (1628-1694),  and  Anton  van  Leeuwenhoek  (1G32- 
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1723),  are  generally  looked  upon  as  the  fathers  of  microscopical  anatomy. 
The  first  of  tliese  made  observations  on  the  circulation  of  the  blood,  on 
the  glands  and  lungs ;  the  second,  endowed  with  indefatigable  industry, 
saw  for  the  first  time  many  of  the  constituents  of  the  organs  of  the  body, 
vrith  tolerable  distinctness  too,  although  aided  by  very  imperfect  instru- 
ments. But  the  additions  which  Leeuweiihoek  made  to  science,  in  keeping 
with  the  curiosity-loving  spirit  of  the  time,  partook  less  of  the  nature  of 
discoveries  acconling  to  a  definite  principle,  than  of  mere  detection  of 
strange  and  wonderful  things,  where  the  unaided  eye  had  previously  seen 
nothing.  The  infancy  of  microscopical  anatomy  is  in  fact  represented  in 
him.  Indeed,  the  exertions  of  the  Dutch  seem  just  devoid  of  that  which 
so  characterised  the  investigations  of  the  Frenchman  Dichat^  namely, 
that  effort  to  combine  units  to  a  scientific  whole.  If  we  now  associate  with 
these  two  names  those  ^Xm  oi  Swammerdam  (1637-1685),  and  Buyitch 
(1638-1734),  as  the  discoverers  and  developers  of  our  present  mode  of 
injection,  we  shall  have  reached  the  close  of  the  first  epoch  of  histological 
study  defined  by  the  discovery  of  the  microscope. 

The  instruments  of  that  day  were,  however,  most  imperfect,  so  that 
Lceuwetüioek  used  simple  lenses  only.  Hence,  it  is  not  surprising  that  in 
the  hands  of  his  successors,  these  microscopes,  so  difficult  to  manipulate, 
and  so  liable  to  deceive,  became  a  frequent  source  of  error.  This  explains 
the  fact  that  Bichat  preferred  laying  the  foundations  of  his  general 
anatomy  without  their  aid. 

After  this  there  followed  a  long  period  of  inactivity  in  histological 
research,  reaching  far  into  the  nineteenth  century,  when  the  science 
received  fresh  impetus  from  the  brilliant  discoveries  of  our  own  schools. 

Bemarks. — Marcello  Malpighii,  Opera  omnia.  Lond.  \Q^^  \  find  Opera  posthurnu. 
Land.  1 697-. . .  2.  The  works  of  Leeuwenhoek  may  be  found  in  the  Philosoph.  Transact. , 
taid  in  hia  Opera  omnia.  Lugd.  Bat,  1122.  Arcana  natura  detecta.  Delph.  1695. 
ContintuUio  arcanorum  natura  detedorum.     Lvgd.  Bat.  1722,  &c. 

§3. 

A  new  era  in  histological  research  was  now  ushered  in  by  the  discovery 
of  achromatism  in  the  middle  of  the  last  century,  and  by  the  construction 
of  achromatic  object-glasses  for  the  microscope.  The  fii"st  of  these  are 
said  to  have  been  made  by  a  Dutchman  named  oan  Deyl,  and  a  German 
optician  of  the  name  oi  Fraunhofer^  in  the  yeara  1807  and  1811.  Thus 
the  microscope  was  transformed  from  the  clumsy  and  deceptive  imple- 
ment of  the  last  century  into  the  elegant  and  accurate  instrument  of  the 
present  day. 

And  now,  in  all  the  enthusiasm  of  novelty,  the  improved  microscope 
became  the  means  of  adding  discovery  to  discovery  in  the  hands  of  many 
excellent  German  observers,  so  that  an  insi^^ht  into  the  essential  nature 
of  the  tissue-elements,  and  of  their  combination  to  form  the  various 
tissues,  was  gained  in  an  inconceivably  sliort  time.  It  may  suffice  here, 
in  speaking  of  the  founding  of  modern  histology,  to  mention  the  names 
of  Ehrenhergy  Müller,  Purkinje,  It.  Wagner,  Valentin,  and  Henle.  be- 
sides these,  many  others  might  be  added,  of  younger  observers,  who  have 
since  distinguished  themselves  as  developers  and  furtherers  of  the  science. 

Histology  without  the  microscope  had  had  2l Bichat  among  its  students; 
but  the  newer  science  was  fortunate  enough  at  its  very  outset  to  undergo, 
at  the  hands  of  Th,  Schwann,  the  most  searching  and  energetic  elabora- 
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tion.  By  bim  the  cell  was  proved  to  be  the  starting-point  of  all  animal 
structures.  He  also  indicated  the  mode  of  origin  of  the  various  tissues 
from  the  celL  It  may  be  said  that  many  points  in  relation  to  this  fact 
were  known  before  Schwann's  time,  and  that  he  came  to  false  conclusions 
in  many  things :  but  though  this  be  true,  the  merit,  nevertheless,  reoiains 
with  him  of  having  been  the  first  to  make  prominent  this  fundamental 
principle — the  greatest  discovery  of  histology — by  an  overwhelming  mul- 
titude of  facts  in  detail.  SrJiwann  may  therefore  be  hailed  as  the  founder 
of  the  science  of  "  histooekesis,"  or  the  study  of  the  origin  of  tissues — one 
of  the  most  important  subjects  which  can  come  under  our  consideration, 
and  one  which  has  more  recently  undergone  very  extensive  elaboration  at 
the  hands  of  Beichert,  Koelliker,  JReniak,  and  others. 

Another  branch  of  histology,  again,  has  gradually  become  distinct  from 
the  study  of  the  nature  of  the  textures  in  the  normal  state.  This,  which 
deeply  affects  pathology,  is  the  consideration  of  the  modifications  which 
tissues  undergo  in  diseased  conditions.  J.  Müller  may  be  looked  upon 
as  the  originator  of  this  particular  line  of  study,  known  as  **  patho- 
logical HISTOLOGY,"  while  more  recently  Virchoto  has  become  famous 
for  his  great  efforts  in  the  same  direction.  To  these  two  may  be  added 
the  well-known  names  of  some  of  the  disciples  of  the  latter,  as,  for  in- 
stance, those  of  Recklinghazisen,  Rindfleisch^  and  Cohnheim. 

Like  pathological,  so  is  also  "comparative  histology  "  indispensable  for 
a  scientific  knowledge  of  the  finer  structure  of  the  animal  frame ;  and  yet, 
in  spite  of  numerous  individual  efforts,  and  the  most  ingenious  researches, 
this  branch  is  still  in  its  infancy,  owing  to  the  immense  amount  of  matter 
to  be  dealt  with.  To  this  particular  field  of  investigation  MiUIer,  Siebold, 
Koelliker,  Leydig,  and  others,  have  devoted  their  great  talents  with  the 
happiest  result& 

Remarks. — Tlie  microscope,  its  construction,  way  to  work  with  it,  Ac,  has  becom«^ 
lately  the  theme  of  many  literary  effusions.  We  will  only  mention  here  one  of  the 
more  important  essays  on  the  subject — C.  Bobin,  Du  Microscope  et  des  injections^  2d 
ed.f  Paris,  1871.  QueckeU,  "A  Practical  Treatise  on  the  Use  of  the  Microscope," 
Ix)nd.,  1848.  fV.  Carpenter,  **The  Microscope,**  3d  ed.,  London,  1862.  //. 
Schacht,  "Das  Mikroscop,"  3  Auf.,  Berlin,  1862.  L.  Beale,  " How  to  work  with 
the  Microscope,"  4th  ed.  ;  and  **The  Microscope  in  Medicine,"  just  published. 
U.  Frey,  *'  Das  Mikroskop  und  die  mikroskopische  Technik,"  American  Transl.-  -(2.) 
Schwann* s  works  are  to  be  found  in  an  attractive  little  book,  "Mikroskopische 
Untersuchungen  über  die  Ueberemstimmung  in  der  Struktur  und  dem  Wachstum 
derThiere  und  Pflanzen,"  Berlin,  1839. — (3.)  As  to  the  rich  literature  of  Histology», 
which  is  in  its  origin  chiefly  German  (as  this  whole  branch  of  anatomy  is  essentially 
the  production  of  German  industry),  we  shall  only  mention  a  few  handbooks  and 
other  similar  aids,  and  even  these  only  sparingly.  Amons  the  older  works  which 
deserve  mention  are,  A.  Koelliker,  "Handbuch  der  GcweVielehre  des  Menschen," 
Leipzig,  1852.  5  Auf.,  1857;  and  besides  German  works,  TodA  and  Bounnati, 
"Anatomy  and  Physiolo^jy  of  Man,"  Lond.,  1,856.  2  vols.  L.  Beate,  "The 
Structure  of  the  Simple  Tissues,"  LAst  ed.  A.  £'db^*«  copper  plates  in  Ifagner's 
Icones  physiologica,  may  also  be  recommended. 

§4. 

In  an  earlier  section  we  have  seen  that  the  study  of  the  anatomical 
characters  of  tissues  is  the  offspring  of  a  comparatively  late  era  of  natural  and 
medical  science.  But  the  chemistry  of  the  tissues,  or  **  histochemistry," 
is  of  more  recent  origin  still.  And  in  that  an  acquaintance  with  the  com- 
position of  the  different  structures  of  the  body  can  only  be  gained  by  the 
application  to  them  of  the  facts  of  oi^nic  chemistry,  so  is  histochemistry 
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in  its  progress  dependent  on  the  latter:  in  foot,  it  is  only  a  special 
branch  of  the  same. 

Although  in  the  infancy  of  chemical  study  a  certain  amount  of  notice 
liad  been  taken  of  organic  bodies,  nevertheless,  owing  to  the  nature  of  the 
matter  to  be  considered,  they  could  only  be  dealt  with  (scientifically 
speaking)  subsequently  to  the  establishment  of  laws  relative  to  inorganic 
substances  and  their  combinations.  And  only  after  the  latter,  as  the 
nimpler  had  been  studied,  and  that  the  more  important  laws  of  inorganic 
chemistry  had  been  laid 'down,  did  it  become  possible  to  invade  tlie  more 
obscure  field  of  oi^ganic  chemistry  with  success. 

It  must  be  admitted,  how.ever,  that  important  discoveries  had  been 
made  by  Scheele  (1742-1786)  in  the  latter  subject.  Thus  a  number  of 
vegetable  acids,  glycerin,  uric  acid,  and  cyanic  acid,  had  all  been  brought 
to  light.  But  these  were  only  details,  whose  worth  from  a  scioutific  point 
of  view  it  remained  for  a  later  day  to  demonstrate.  It  was  only  with 
the  introduction  of  quantitative  analysis  by  Lavoisier  (1743-1794),  and 
after  that  his  contemporary,  Priestley  (1733-1804),  had  discovered  oxy- 
gen, that  a  new  era  in  chemical  science  began  to  dawn — an  epoch  of  exact 
research  supervening  upon  the  overthrow  of  phlogistic  theory.  From 
this  point  on  it  became  possible  to  gain  an  insight  into  chemical  com- 
Vtination  by  means  of  the  balance — to  recognise  the  elements  of  organic 
bodies,  to  place  upon  a  sound  basis  the  rules  of  equivalent  and  atomic 
weight,  and  establish  a  foundation  for  a  system  of  stochiometry. 

And  as  in  microscopical  anatomy  the  improvement  of  instruments  led 
within  a  short  space  of  time  to  a  more  extended  acquaintance  with  the 
subject,  so  do  we  see  here  in  the  province  of  chendstry  the  dawn  of  an  era 
under  the  sun  of  Lavoisier^s  genius,  in  which,  by  a  rapid  succession  of 
discoveries,  the  new  science  attained,  within  a  short  space  of  time,  a 
wonderful  degree  of  development  and  oxtensiveness. 

It  would  be  impossible,  in  the  scope  of  such  a  work  as  the  ])rosont,  to 
bring  in  review  the  details  of  this  progress  in  development,  and  we  shall 
only  mention  a  few  points  in  regard  to  it  of  special  interest. 

The  first  impulse  was  given  to  the  study  of  organic  substances  through 
the  works  of  Vauquelin  (1763-1829)  and  Foucroy  (1755-1809).  Much 
profit  accrued  also  to  zoochemistry  through  their  labours  in  the  investiga- 
tion of  the  constituents  of  the  urine,  which  were  also  ably  handled  by 
Proust  (1755-1826).  In  the  year  1815  Gay-Lussac  (1788-1852)  dis- 
covered cyanogen,  an  organic  coippound  which  conducts  itself  in  com- 
bination much  in  the  same  way  as  an  organic  element.  Thus  he  paved 
the  way  for  the  theory  of  organic  radicals,  to  be  further  developed  at  the 
hands  of  future  observers.  Many  other  discoveries,  both  in  organic  and 
animal  chemistry,  were  made  about  the  same  time  by  Thenard  (1 777-1 857), 
and  in  1823  ClievreuL  publislied  his  celebrated  treatise  on  animal  fats. 
Modem  elementary  analysis  (brought  to  such  a  degree  of  ])erfection  at  a 
later  date)  was  first  opened  up  by  Gay-Lussnc  and  Thenard,  and  from 
that  time  on  a  knowledge  of  organic  bodies,  from  a  quantitative  point  of 
view,  was  rendered  possible. 

But  under  Berzelius  (1779-1848),  the  greatest  chemist  of  his  time,  the 
whole  science  now  made  the  most  brilliant  advance,  especially  in  the 
direction  of  organic  analysis,  which  was  pursued  by  him  with  all  the 
accuracy  of  the  present  day.  He  was,  in  fact,  the  founder  of  the  stochi- 
ometry of  organic  bodies,  and  of  the  definite  systematised  zoochemistry  wo 
at  present  possess.     Then  the  name  of  Mitscherlich  (born  1796)  must  be 
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reinciMl>ereci  a&  the  discoverer  of  iBomorpluBm.  Among  tJiose  who  have 
lived  iu  nnr  own  dajf  IJebiff  (1603-18X3)  may  bo  said  to  have  taken  the 
pinecs  of  the  last-named  Swedish  philoaophen  I^y  liiä  lahoüm  in  the  field 
of  organic  combination  he  has  made  himself  celehratcd,  and  hasobtaiiiod, 
also  in  a  wider  circle  tlmn  any  other,  a  rocognition  of  hia  genius  by  hh 
iTUperishahk*  popuhir  essays  on  the  science.  He  may  be  looked  upon  m 
the  founder  of  the  physiological  chemistry  ajid  elementary  analysis  of  the 
present  day,  Anotlicr  important  £tcp  towards  an  insifjht  into  th(\  origin 
of  oTgtnic  anbatances  in  the  body  wag  mad©  in  1S23  by  Wohter,  LieUtfs 
talented  coadjutor,  through  \m  well  known  discovery  of  the  composition 
of  urea. 

$8. 

Study  of  the  nature  of  the  subslances  occurring  in  ihe  animal  economy, 
^their  properties,  constitution  ^  traiisformationß,  &^c. — conatitutea  what  is 
termed  **  Ä00€tiKMii4TRT.-*  The  application  of  zoocheraical  facts  to  the  elu- 
ridiition  of  proceaseö  taking  place  in  the  eystem,  the  contemplation  of  the 
chemical  features  of  life  and  aipnificauce  whicli  the  element«  of  composition 
hiive  in  the  same,  includes,  if  not  all,  yet  the  chief  objects  of  **  i^nYSlOLOOiCAL 
cuf-Iiistry/'  I'hut  both  these  bmnches  of  ßt^aly  could  only  be  carried  on 
svibsequent  to  the  arrival  at  a  certain  degree  of  maturity  of  chemical  science, 
h  perfectly  obvious,  as  has  been  already  remarked,  and  requires  no  farther 
comment. 

Agaiuj  the  special  application  of  the  facts  of  physiological  and  zoochemis- 
try to  the  tissues  composing  our  frame,  constitutes  what  is  termed  "  hihto- 
ciiemistry/'  Its  ßpliere  lies  in  the  consideration  of  the  chemical  con- 
stitution of  the  '^structural  etemeuts/'  and  consequently  aläo  of  the  tiiiaue^ 
It  is  engaged  with  the  substances  occurring  in  ihe  latter,  their  iutroductiou, 
origin,  and  the  significance  they  possess  in  the  life  of  ihe  form  and  tüsti4- 
elements;  it  tracer»  their  metamorphosis,  decomposition,  and  chmiuütion. 

At  present  W6  can  only  hoast  of  a  very  rudimentary  histochemistry. 
In  fact,  we  are  met  at  all  points  by  the  most  discouraging  diflicultins  in 
this  branch  of  study,  owing  to  the  nature  of  the  subject  to  be  dealt  with. 
Compared  with  the  extraordinary  accuracy  of  anatomical  analysis^  through 
the  aid  of  the  microscope  of  the  present  day,  the  means  at  the  disposal  of 
the  chemist  for  the  separation  of  the  unstable  constituents  of  the  tisanes 
appear  coarse  and  rude.  While  the  histologist  is  able^  for  instance,  U»  dis- 
tinguish w4th  ease,  in  the  most  ordinary  forni-element  the  cell,  envelope, 
contents,  nucleus,  and  nucleolus,  the  chemist  is  still  unable  to  bring  these 
several  parts  within  the  grasp  of  his  analysis.  I?*urtber,  it  is  a  rare  thing 
w^ith  him  to  succeed  in  the  analysis  even  of  similar  structural  elements  for 
themselves,  even  setting  aside  their  ultimate  composition ;  for,  owing  to 
the  coui]dex:  nature  of  most  tissues,  he  has  to  deal  with  a  mixture  of  several 
kinds  of  form -elements,  which  cannot  be  separated  by  chemical  means. 

After  what  we  have  just  seen,  too  much  must  not  be  expcet^ui  from  the 
histDchemistry  of  the  present  day.  And  yet  we  m^cd  not  forget,  In  tlic 
contemplation  of  its  necessary  dehcicncios,  how  much  this  special  branch 
of  science  has  produced*  Wo  must  remember,  farther,  that  without  a 
knowledge  of  composition,  true  scientific  study  of  histology  is  impossible, 
and  the  latter  is  in  danger  of  degenerating  inUi  a  mere  toying  with  detaila 
of  form.  And  as  histochemistry,  on  the  one  hand,  can  only  bo  liiLsed  on 
a  clear  insight  into  the  minute  anatomical  relations  of  the  tissues«  so  doe» 
it  form,  on  the  other  hand,  the  indispensable  complement  to  hiitology. 
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Among  those  who  have  specially  distinguished  themselves  in  connection 
with  this  subject,  we  may  mention  the  names  of  Mulder,  Bonders,  C, 
Schmidt,  Lehmann,  Schlossher ger,  Hoppe,  and  Kühne,  Schlossherger  is 
the  author  of  the  first  hand-book  on  histochemistry  which  scientific  litera- 
ture can  produce. 

§6. 

In  conclusion,  we  have  only  to  give  a  brief  sketch  of  the  plan  we  shall 
pursue  in  the  following  pages.  Histology  and  histochemistry  combined, 
or  the  study  of  the  finer  structure  and  chemical  composition  of  parts,  con- 
stitutes the  most  important  foundation  for  physiology  and  scientific  path- 
ology. The  whole  subject  may  be  arranged,  according  to  our  views,  into 
three  great  natural  divisions. 

In  the  first  will  be  considered  the  matters  of  which  the  human  and 
animal  hody  generally  is  composed,  with  their  histological  and  (as  far  as 
inseparable  from  these,  and  that  a  knowledge  of  them  is  indispensable 
for  a  proper  comprehension  of  the  whole)  their  physiological  characters. 
Again,  in  another  section  of  the  same,  the  organised  units  of  the  body, 
the  "  structural  or  tissue-elements,^^  will  be  brought  in  review,  with  their 
shape  and  composition,  purposes  and  origin,  ultimate  destiny  and  origin, 
one  from  another.     Tliis  constitutes   **  general  histology   and  histo- 

CHEMISTRY." 

In  the  second  division — histology  in  the  more  restricted  and  real  mean- 
ing of  the  word — the  various  tissues,  in  their  anatomical  relations  and 
composition,  will  be  brought  under  notice.  Here  also  we  shall  consider 
the  mode  in  which  the  form  or  structuml  elements  of  the  first  division 
are  employed  in  the  building  up  of  certain  masses.  It  stands  to  reason 
that  hero  also  the  physiological  characters  of  the  tissues  and  their 
origin  must  still  be  frequently  referred  to. 

A  third  division,  finally,  will  be  devoted  to  the  consideration  of  the 
more  minute  structure  of  the  organs  and  systems  of  our  body,  or  the  man- 
ner in  which  they  are  put  together  out  of  different  tissues.  This  may  be 
termed  ''  topographical  histology." 
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CuEM[OAL  investigation  has  gradually  brought  under  our  notice  a  number 
of  bodies,  some  organic  and  some  inorganic,  which  enter  into  the 
formation  of  the  human  frame  as  elements  of  composition.  Owing  to 
the  rapid  progress  of  science  the  tale  of  these  increases  year  by  year. 

But  these  bodies  are  by  no  means  laid  down  once  for  all  in  the 
organism  to  belong  to  the  latter  for  the  whole  term  of  its  existence,  and 
to  form  permanent  constituents  of  its  fluid  and  solid  portions.  On  the 
contrary,  the  material  of  which  the  animal  body  is  composed  is  subject 
to  continuous  change,  to  constant  transformations,  or,  in  other  words,  is 
incessantly  coming  and  going. 

The  substances  of  which  our  body  is  made  up — those,  namely,  entering 
into  the  formation  of  tissues — consist,  together  with  water  and  other 
mineral  matters,  of  certain  groups  of  organic  principles.  These  are  the 
albuminous,  or,  as  they  are  called,  the  ''protein  substances,''  and  the  nearer 
derivatives  of  the  same,  especially  the  glutin-yielding  and  elastic  materials, 
with  fatty  matters  and  pigments.  Thus  we  observe  that  the  number  of 
chemical  compounds  of  which  our  frame  is  made  up  is  primarily  but 
smalL 

But  owing  to  the  fact  that  these  do  not  continue  long  in  their  original 
condition,  but  undergo  decay  and  metamorphosis,  and  must  in  conse- 
quence be  changed,  we  have  an  extensive  series  of  chemical  mutations 
bound  up  with  the  exitus  of  matter.  We  need  not  be  surprised,  then, 
if,  out  of  this  limited  number  of  histogenic  substances,  a  whole  host  of 
mu\ation  or  decomposition  products  takes  its  rise.  The  introduction 
also  of  new  material  to  make  up  for  waste  likewise  introduces  many 
chemical  metamorphoses. 

In  considering,  then,  the  elements  of  composition,  all  these  points 
must  be  borne  in  mind.  It  belongs  to  the  province  of  histochemistr}' 
to  show  by  what  processes  alimentary  matters  are  ultimately  converted 
into  the  constituents  of  organs  and  tissues,  or,  in  other  words,  to  follow 
up  the  formation  of  histogenic  substances.  Again,  it  must  deal  as  far  as 
possible  with  the  question  as  to  the  nature  of  the  numerous  products  of 
decomposition.  It  should  demonstrate  also  how  and  by  what  chemical 
processes  the  latter  spring  from  histogenic  substances ;  what  is  the  rela- 
tion of  one  to  the  other;  how  one  mutation  product  takes  its  origin 
from  another;  and  what  part  each  plays  in  the  occurrences  of  the 
economy,  untü  it  is  finally  cast  out  of  the  system.  In  this  way  only 
could  we  acquire  a  satisfactory  knowledge  of  the  chemical  constitution 
and  decay  of  our  body. 

But,  unfortunately,  the  state  of  science  at  the  pi-esent  day  does  not 
admit  of  aU  these  requirements  being  satisfied  in  the  remotest  degree. 
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We  arej  to  "be  sure,  tolembl^r  well  acquainted  with  the  general  inter- 
ehange  of  matter  which  takes  place  in  the  eystem,  but  not  60  that  In  tho 
iftdividiial  organs,  We  are,  indeed,  justified  in  cone  1  tiding  that  this  in- 
lertihange  of  material  in  the  ktter  possesses  varying  degroea  of  intensity  ; 
tlmt  it  increases  during  the  action  of  the  part,  and  decreases  daring  rest ; 
but  we  are  possessed  of  almost  no  facts  which  would  enable  us  to  de- 
monstrate with  desirable  accuracy  the  amount  of  this  traffic^  as  it  were, 
which  goes  on,  even  in  a  single  tissue. 

If  iu  this  way  the  destiny  of  many  constituents  of  our  body  jfi  veiled 
in  obscurity,  how  much  more  so,  then,  their  real  chemical  relations. 
Although  of  many  substances  we  are  able  to  say,  **They  are  products 
of  decora  position,  residues,  relics  of  broken  down  tissue  ^  their  lojonm  in 
the  body  has  no  other  signilieance,"  still,  in  dealing  with  others,  great 
difficulties  arise  when  it  is  to  be  decided  to  what  side  of  metamorpbosiä 
tliey  belong — to  the  formative  or  to  the  retrogressive.  Of  the  sources  of 
many  products  of  decomposition  wo  know  nothing  certain  ;  and  even 
the  changes  c fleeted  by  chemical  action  are  either  but  very  unsatisfac- 
torily understood,  or  not  at  alb  Superfluous  alimentary  matter,  so  often 
present  in  the  system,  raay  possibly  be  hardly  distinguiahable  in  its 
derivatives  from  the  matters  resulting  from  metamorphosis  of  some  con- 
stituents of  the  body  itself,  Finally,  we  are  uncertain  still  iu  regard  to 
many  mineral  substances,  whether  they  are  essential  integral  components 
of  our  body,  or  are  only  casually  present  in  the  latter. 

Now  it  is,  properly  speaking,  the  theme  of  physiology  to  follow  up 
tills  behaviour  of  material  in  detail,  and  to  interpret  its  full  significance 
for  animal  life ;  but  histochemistry  will  be  frequently  obliged  to  enter 
upon  physiologico-chemical  research,  for  only  iu  this  way  can  a  know- 
ledge of  the  precise  nature  of  the  eubetanees  of  which  ti^isues  and  organs 
are  composed  be  acquired. 

Commencing  with  the  axiotu,  that  the  physiological  characters  of  a 
matter  are  in  the  first  place  dependent  on  its  chemical  constitution,  we 
choose  as  an  introductian  to  the  elements  of  composition  of  the  human 
body  a  section  principally  chemicaL 


A.  Albummons  or  Frotein  Compounds. 

Absent  irom  no  oi^aniem,  and  taking  part  in  the  construction  of  all 
tissues,  these  matters,  which  constitute  the  most  important  materials  of 
nutrition»  appear  of  the  highest  signilicance  in  animal  life  ;  indeed,  they 
may  be  regarded  with  all  propriety  as  the  chemical  substrata  of  the 
latter.  Their  histogenic  qualities  come  even  more  prominently  before  us 
in  the  embryonic  body  than  in  the  mature ;  for  in  the  latter^  many  parts 
consist  of  other  than  albuminous  »ubstancoa  t  for  instance,  of  collagen, 
ehondrigen,  elastic  matter,  and  fate;  whereas,  in  the  e^irliest  periods  of 
existence,  protein  compounds  are  everywhere  present.  Those  matters 
just  named,  however,  must  also  be  looked  upon  as  derivatives  of  the 
latter,  produced  by  metamorphosis  of  albuminous  principles. 

The  great  instability  and  tendency  to  decomposition  of  all  the  members 
of  this  group  cause  the  appearance  of  a  considerable  number  of  miljstance« 
in  the  system,  which  in  some  cases  participate  RtiU,  though  in  a  minor 
degree,  in  the  formation  of  tissues,  and  are  in  others  (having  undeiigone  some 
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further  modifications)  to  be  looked  upon  as  effete,  and  no  longer  service- 
able for  any  of  the  functions  of  life.  As  such,  they  may  either  circulate 
in  the  various  juices  of  the  body  until  eventually  excreted,  or  may 
remain  behind  in  the  tissues  in  the  character  of  dregs  or  sediment  as  it 
were. 

All  protein  substances  are  of  exceedingly  complex  composition.  They 
contain,  beside  carbon,  hydrogen,  and  oxygen,  a  large  amount  of  nitro- 
gen, and  invariably  sulphur.  Phosphorus  was  also  formerly  supposed, 
though  erroneously,  to  be  present.  Their  true  constitution  is  still  quite 
obscure. 

They  all  become  swollen  and  puffy  when  placed  in  water,  and  enter 
into  combinations  with  acids  and  bases,  but  whether  in  regular  proper^ 
tion  ia  not  yet  known.  They  dissolve  in  alkalies,  but  probably  with  meta- 
morphosis or  decomposition,  and  may  be  thrown  down  from  such  solu- 
tions by  the  mineral  acids.  They  likewise  form  combinations  with  acids, 
from  which .  they  may  be  again  precipitated  by  means  of  the  alkalies. 
The  action  of  nitric  acid  causes  them  to  assume  a  yellow  hue,  from  the 
generation  of  an  acid  known  as  xantUoproteinic.  MillotCs  reagent  also, 
a  solution  of  nitrate  of  mercury,  containing  nitrous  acid,  communicates  a 
red  colour  to  them,  while  iodine  tiuges  them  yellowish-brown.  In  con-* 
centrated  hydrochloric  acid  they  are  dissolved,  assuming  at  the  same 
time  a  violet  tint.  The  action  of  sugar  and  concentrated  sulphuric  acid  upon 
the  protein  substances  gives  rise  to  a  change  of  colour  in  them,  at  first  to 
purple,  and  subsequently  to  more  of  a  violet-hue  {Schultze) — a  reaction 
which  they  share  with  the  acids  of  the  bile  and  with  elain.  In  watery 
solutions  they  bend  a  ray  of  polarised  light  to  the  left.  Oxidizing  agents, 
as  well  as  dry  distillation  and  putrefaction,  develope  in  albuminous 
bodies  a  number  of  decomposition-products,  such  as  formic,  acetic,  and 
benzoic  acids,  oil  of  bitter  almonds,  and  also  crystalline  matters,  as 
leucin  and  tyrosin.     (See  below.) 

Most  of  the  protein  substances  appear  in  the  body  under  two  isomeric 
modifications — firstly,  in  solution,  or  gelatinised,  as  in  the  greater  number 
of  fluids  and  tissues  of  the  system  ;  and — sigcondly,  in  a  coagulated  or  in- 
soluble state.  They  pass  from  the  former  into  the  latter  condition  in 
various  ways,  partly  by  boiling,  partly  by  the  action  of  strong  acids,  and 
finally,  as  the  saying  is,  spontaneously.  In  the  first  modification  the 
protein  substances  may  be  far  more  easily  distinguished,  one  from  the 
other  by  certain  definite  reactions,  than  when  in  the  coagulated  con- 
dition. 

§9. 

The  complex  composition  of  the  principles  under  consideration,  their 
indifferent  nature,  and  great  instability,  account  for  the  fact  that,  up  to 
the  present,  their  true  constitution  has  remained  utterly  unknown. 
Indeed,  we  find  a  most  discouraging  obscurity  resting  over  this  most 
important  of  all  groups  of  animal  substances.  So  far  is  this  the  case 
that,  in  fact,  we  are  not  even  able  to  enumerate  the  various  albuminous 
principles  with  anything  like  certainty. 

Again,  the  great  instability  of  the  protein  substances  gives  rise  to  the 
appearance  in  the  organism  of  a  considerable  number  of  decomposition- 
products,  to  whose  nature  and  mode  of  origin  we  are  still  in  most  cases 
almost  complete  strangers.  Among  these  may  be  reckoned,  as  far  as  we 
know  at  present,  urea,  uric,  hippuric,  and  gallic  acids;   taurin,  glycin. 
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leuciiiy  tjrosin,  sarkin,  kreatin,  kreatinin,  glycogen,  grape  and  milk 
sugar,  inosit,  and  others  besides.  From  a  knowledge  of  these  matters,  it  is 
not  possible  at  present  to  arrive  at  any  definite  conclusions  in  regard  to  the 
constitution  of  the  protein  substances  themselves ;  we  may,  however,  sot 
it  down  as  being  very  complex.  Owing  to  their  great  liability  to  under- 
go decomposition,  farther,  the  protein  compounds  appear  to  be  peculi- 
arly fitted  to  act  in  the  economy  as  ferments,  i.e.,  to  effect  a  metamor- 
phosis in  other  substances  without  at  the  same  time  acting  through  their 
chemical  affinities.     We  shall  refer  again  to  these  properties  in  §  12. 

Turning  now  to  the  peculiarities  of  the  protein  compounds  and  their 
formative  derivatives,  especially  important  in  histogenesis,  wo  must  bear 
the  following  points  in  mind :  — 

1.  The  fact  that  the  substances  in  question  are  not  crystallizable,  but 
belong  to  the  colloid  group  in  the  ordinary  sense,  as  stated  by  Graham, 
This  seems  to  constitute  them  peculiarly  well  fitted  to  assume  the  specific 
forms  of  tissue  elements,  and  to  preserve  the  same. 

2.  Their  readiness  to  imbibe  water,  and  to  swell  up  in  the  latter 
into  gelatinous  masses,  seems  to  render  them  suited  for  the  formation 
of  the  watery,  soft,  and  semi-solid  matters  of  many  tissues.  Their  capa- 
city for  gelatinisation  appears  greatest  in  slightly  alkaline  or  acid  water ; 
in  solutions  of  neutral  salts  less  than  in  pure  water. 

3.  The  remarkable  readiness  manifested  among  the  protein  bodies  to 
change  from  one  modification  to  another,  as  well  as  from  the  liquid  to  the 
gelatinous  or  coagulated  state,  and  vice  versa,  renders  them  capable  of 
becoming  deposited  from  the  animal  juices  in  the  solid  form,  or,  when 
previously  so  laid  down,  of  undergoing  re-solution  and  easy  transport  to 
other  localities. 

4.  While  gelatinised  protein  substances  admit  of  the  passage  through 
them  of  crystallizable  matters,  they  oppose  the  most  determined  resist- 
ance to  the  diffusion  of  colloid  materials. 

5.  Albuminoous  principles  manifest  a  readiness  to  intermix  with  other 
bodies,  e.g.,  fats,  and  phosphate  of  lime,  and  to  retain  these  with  obstinacy. 
They  may  therefore  be  regarded  as  the  bearers  of  these  substances. 

6.  On  the  other  hand,  true  albuminous  substances  appear  unfavourably 
constituted  to  form  for  any  length  of  time  unchanged  the  elements 
of  composition  of  a  tissue,  owing  to  their  great  unstableness.  They  seem 
to  impart  to  the  textures  into  whose  structure  they  enter,  a  certain 
aptness  to  undergo  physical  change,  as  may  be  strikingly  seen  in  many 
instances.  This  is  not  the  case,  however,  with  many  of  their  derivatives, 
whoso  liability  to  alteration  appears  to  be  far  more  limited — as,  for 
instance,  keratin,  chondrigen,  and  elastic  material.  These  being  pecu- 
liarly  suited  for  permanent  tissues,  serve  for  the  formation  of  indifferent 
membranes,  allowing  the  transudation  of  animal  fluids,  or  including  tho 
same. 

§10. 
Albtimen. 

This  most  important  of  all  the  protein  substances  in  the  system, 
coagulates  between  55®  and  75®  C.  from  its  solutions  in  the  form  of  flakes, 
and  not  spontaneously  like  fibrin.  From  very  dilute  solutions  it  can 
only  be  separated  by  a  much  more  elevated  temperature. 

Like  othor  protein  matters  it  has  two  forms,  a  soluble  and  coagulated. 
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Of  the  fiist  there  are  many  varieties ;  but  all  these  differences  are  probably 
dependent  upon  the  admixture  of  other  matters,  such  as  alkalies  or  acids. 

Soluble  albumen  is  precipitated  by  alcohol,  mineral  acids,  tannic  acid, 
and  the  salts  of  most  metals.  A  larger  or  smaller  quantity  is  also  thrown 
down  by  the  passage  through  it  of  a  stream  of  carbonic  acid. 

It  becomes  converted  into  the  insoluble  modification  as  already  men- 
tioned by  boiling;  further,  by  the  action  of  most  acids,  without,  however, 
being  always  precipitated.  The  alkalies  likewise  transform  albumen  into 
a  very  insoluble  substance,  but  do  not  throw  it  down. 

Albumen' is  not  present  ia  the  animal  juices  in  a  pure  state,  but  com- 
bined with  a  certain  proportion  of  soda,  saline  water  being  the  solvent 
Such  albumen  has  a  weakly  alkaline  reaction,  coagulates  more  in  gelatin- 
ous masses  than  in  flakes,  and  is,  on  the  whole,  mure  soluble  than  in  the 
pure  condition.  A  larger  proportion  still  of  soda  may  modify  the  coagu- 
lation of  albumen  by  heat  in  many  ways. 

Coagulated  albumen  partakes  of  the  same  nature  as  the  remaining  pro- 
tein substances  in  the  same  state. 

Entering  the  body  with  the  protein  substances  of  the  food,  it  appears 
as  a  constituent  of  blood,  chyle,  and  lymph,  and  also  of  the  fluids  saturat- 
ing various  organs.  Combined  with  some  peculiar  substances,  it  appears 
to  form  the  medulla  of  nerves.  To  what  extent  it  exists  in  the  system 
in  the  coagulated  form  is  a  question  difficult  to  answer  in  the  present  state 
of  science.  It  can  hardly  be  doubted,  however,  that  it  does  so  occur,  and 
the  finely  granular  contents  of  many  animal  cells  are  probably  entirely  or 
partially  composed  of  it. 

We  are  likewise  at  fault  when  asked  to  indicate  the  histogenic  signi- 
ficance of  albumen  more  in  detail.  It  can  hardly  be  doubted,  however, 
that  it  is  of  very  groat  importance,  in  that  it  is  the  first  protein  substance 
from  which  many  of  the  others  in  the  organism  take  their  origin. 

§11. 

Fibrin,  Fibrinogen,  and  Fibrinoplastin. 

Fibrin  has  always  been  described  as  a  substance  which  does  not  coagu- 
late at  boiling  point,  but,  as  the  saying  is,  spontaneously,  a  short  time  after 
the  animal  fluids  in  which  it  is  dissolved  during  life  are  poured  out  of 
the  body. 

It  coagulates  more  rapidly  at  a  moderately  high  than  at  a  low  tem- 
perature. The  oxygen  of  the  atmosphere  has  probably  no  accelerating 
effect  upon  the  process,  for  in  the  interior  of  the  body  it  is  observed  to 
take  place  in  fluids  which  have  come  to  a  state  of  rest  in  closed  cavities. 
The  process  may  be  retarded  by  the  presence  in  the  fluid  of  carbonic 
acid,  or  the  addition  of  various  alkaline  salts,  such  as  Glauber  salt,  for 
instance. 

Coagulated  fibrin  can  never  be  obtained  pure,  however ;  for,  in  the 
act  of  congelation,  the  numerous  cellular  constituents  of  the  fluids  in 
which  it  is  contained  become  entangled  in  it.  It  offers,  besides,  many 
varieties  for  our  consideration.  In  water  acidulated  with  hydrochloric 
acid,  it  swells  up,  without,  however,  dissolving  (Liehlg) ;  in  contrast  to 
syntonin  obtained  from  muscle  tissue  (see  below).  Coagulated  fibrin 
is  dissolved  in  solutions  of  various  alkaline  salts — for  instance,  in  nitrate 
and  carbonate  of  potash,  when  the  temperature  is  somewhat  elevated — 
forming  a  substance  similar  to  albumen.     According  to  Thenard,  further. 
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superoidde  of  hydrogen  is  rapidly  decomposotl  by  Obrin,    Fibrin  may  be 

obtiLi:Q©d  from  blood,  chyle,  and  Ifmphj  in  small  but  variable  quantity, 
also  from  seroua  transudations. 

Let  ua  now  coniider  for  a  few  moments  the  phenomena  of  coagalation 
of  fibrin.  Fluids  in  wMch  this  substance  is  contained  become  of  a 
thickish  or  even  jelJy-like  consistence  soon  after  coming  to  a  state  of 
rest.  Latefi  in  consequence  of  progressive  contraction  of  the  fibrin,  a 
certain  quantity  of  the  entangled  tiuid  is  squeezed  out,  and  the  coagu- 
lum  becomes  more  or  le^is  solid  as  it  decreases  gradually  in  si^e.  Under 
the  microscope  a  homogeneous  jelly  is  at  first  perceived ;  later  on  a  tangle 
of  usually  very  delicate  threads  or  fibres  (rarely  broad),  by  which  the 
cellular  corpuscles  of  the  fluid  are  caught  By  many  these  fibres  are  re- 
gartded  as  the  optical  expression  of  folds  or  rug®  on  fine  membranous  masses. 

In  regard  to  the  origin  of  fibrin,  it  was  for  a  long  time  generally  sup- 
posed that  it  took  its  riRe  from  albumen.  And  from  the  fact  that  its 
«nalyais  showed  a  larger  proportion  of  oxygen  than  is  found  in  the  latter^ 
the  hypothesis  was  advanced  that  fibrin  is  formed  by  a  process  of  oxida- 
tion or  putrefaction  from  albuminous  substances. 

Some  years  ago  an  interesting  discovery  was  published  by  -4.  iSehmidt^ 
which  completely  npset  alt  earlier  theories  as  to  the  constitution  of  the 
material  in  question. 

According  to  this  observer,  there  exists  no  fluid  fibrin  at  all  in  the 
animal  ÄuicU  m  long  as  in  motion.  It  is  first  generated  in  the  blood  and 
other  liquiiis  by  the  chemical  combination  of  two  nearly  related  com- 
pounds, which  have  been  named  by  the  author  *^ßbnnofie7t**  and  ^'ßhrirw- 
plastin"  The  first  of  these  (also  called  nutaglobuUn)  is  dissolved  in  the 
plasma  of  the  blood;  the  second  {or  }:*arüglobidin)^  which,  combining 
with  fibrinogen,  converts  it  into  fibrin,  exists,  on  the  contrary,  according 
to  Schmidt,  in  the  bodies  of  the  coloured  blood-celk,  passing  from  these 
into  the  plasma.  It  is  exceedingly  similar  to  the  globulin  of  these  cells, 
(§  12),  or  perhaps  identical,  and  probably  correeponded  with  the  so- 
called  **  serum  casein,"  {Ä.  Schmidt),  Lymph,  chyle,  pus,  and  many 
tissues  containing  cells  (but  not  cartilage  and  tendon),  and  also  fiuids 
into  which  these  cell-content«  have  passed, — as,  for  instance,  the  serum  of 
the  blood,  synovia,  humours  of  the  eye,  and  saliva, — -are  all  fibrin oplostic. 
Fibrinogen  also,  which  is  very  like  fibrinoplastin  in  its  reactions — both 
may  he  precipitated  from  dilute  solutions  by  conducting  through  them  a 
stream  of  carbonic  acid— appears  widely  distributed  throughout  the  sya- 
tem»  and  is  containcil  in  almost  all  serous  fiuids,  as  well  as  those  saturate 
ing  connective  tissue  and  mtisclo.  The  rapid  mutation  of  matter  which 
takes  place  in  the  moving  juices  of  the  body  is  supposed  to  be  the 
obstacle  to  the  furmmtiou  of  fibrin  during  life*  Schmtdi  liclif^ves  himifelf 
also  justified  in  the  conclusion  that,  on  the  chemical  combination  of  these 
two  **  mother  substances "  to  form  coagulated  fibrin,  the  alkalies,  which 
previously  held  them  in  Solution,  are  set  free. 


S  12. 

Myomn.    Muscle  Fibrin,  or  SyntoniiL 

The  contractile  structurtfs  of  tho  organism»  the  protoplasm  of  which 
the  bodies  of  young  cells  are  formed,  with  striped  and  smooth  muscle- 
fibr^Jt,  all  consist  of  n  series  of  albuminous  substances  remarkable  for 
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peculiar  reactions,  as  well  as  in  almost  all  cases  for  the  property  of  coagu- 
lating at  comparatively  low  temperatures,  ranging  from  35**  to  50°  C. 

One  of  these  substances,  the  myosin  of  KuhnSj  coagulalics  after  death, 
and  is  thus  the  cause  of  rigor  mortis.  -  Coagulated  myosin  is  not  soluble  in 
pure  water,  but  is  readily  so  in  such  cootaining  as  little  as  ten  per  cent,  of 
chloride  of  sodium.  It  may  likewise  be  dissolved  in  dilute  acids  and 
alkalies.     It  has  the  same  action  upon  superoxide  of  hydrogen  as  fibrin. 

Beside  myosin,  the  fluids  with  which  muscle  is  saturated  contain  three 
other  soluble  albuminous  matters,  namely,  an  albuminate  of  potash,  and 
two  substances  which  coagulate, — one  at  45°  C,  and  another  at  75°  C. 

From  dead  muscle,  but  also  from  other  albuminous  materials,  a  muta- 
tion product  has  been  extracted  by  very  dilute  acids,  to  which  the  name 
of  musde  fibrin  or  syiüonin  has  been  given  by  Lehmann.  In  contradis- 
tinction to  the  fibrin  of  blood,  it  is  soluble  in  water  containing  0  1  per  cent, 
of  hydrochloric  acid,  but  not  so  in  solutions  of  nitrate  and  carbonate  of 
potaish.     It  has  no  effect,  moreover,  upon  superoxide  of  hydrogen. 

Casein. 

This  protein  substance,  which  is  probably  an  albuminate  of  potash,  does 
not  pass  from  the  soluble  to  the  insoluble  form  spontaneously,  like  fibrin, 
but  on  coming  into  contact  with  the  mucous  membrane  of  the  stomach. 
On  being  heated,  liquids  in  which  it  is  contained  become  covered  with  a 
thin  pellicle,  consisting  of  casein  modified  by  the  oxygen  of  the  air. 
Casein  is  precipitated  by  acids  in  flakes,  and  in  contradistinction  to 
albumen  by  acetic  acid.  According  to  Lehmann  it  is  not  thrown  down 
from  milk  by  a  stream  of  carbonic  acid. 

This  substance  forms  the  chief  constituent  of  the  milk  of  man  and  the 
mammalia,  and  the  most  important  aliment  for  the  infant.  How  far  it  is 
besides  distributed  through  the  system  is  still  uncertain  ;  its  presence  in 
alkaline  fluids,  however,  is  very  probable.  It  is  said  to  exist  in  the 
middle  coats  of  arteries  by  M.  Schultze. 

Globulin.    Crystallin. 

By  these  names  are  known  certain  albuminous  substances  coagulating 
like  albumen  when  heated.  They  require,  however,  a  higher  temperature, 
and  then  separate  either  in  the  form  of  a  globular  mass  or  milky  coagulum. 
A  solution  of  globulin,  acidulated  with  acetic  acid,  is  said  to  be  pre- 
cipitated by  careful  neutralisation  with  ammonia,  and  an  ammoniacal 
solution  by  acetic  acid.  Globulin  is  entirely  thrown  down  in  fluids  by  a 
stream  of  carbonic  acid. 

Many  things  have  in  course  of  time  received  the  name  of  globulin. 

It  is  found  in  the  lens,  in  blood-cells  (1),  in  the  plasma  of  the  blood,  as 
fibrinogen  and  fibrinoplastin  (§  11),  and  in  exudations. 

Peptones. 

The  albuminoids  entering  iuto  the  composition  of  tissues,  as  wo  have 
just  seen,  do  not  possess  the  power,  when  in  watery  solution,  of  passing 
through  animal  membranes.  They  are  colloids  in  Graham's  sense  of  the 
word  (p.  14). 

These,  on  being  received  into  the  body,  partly  from  the  animal  and 
partly  from  the  vegetable  kingdom,  are  all  converted  by  the  processes  of 
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digestion  into  what  are  termed  peptojies — i.e.,  easily  diffusible  substances 
of  very  similar  or  identical  constitution.  These  peptones  are  by  no 
means  so  easily  precipitated  by  reagents  as  the  colloid  albuminates. 
Thus,  in  contradistinction  to  the  latter,  they  are  not  thrown  down  by 
boiling,  by  dilute  mineral  acids,  or  by  acetic  acid.  On  being  precipi- 
tated by  alcohol,  they  may  be  again  dissolved  by  watery  spirits  of  wine. 
A  polarised  i*ay  of  light  is  deflected  by  them  strongly  to  the  left. 

Matters  containing  collagen  and  chondrigen,  and  also  mucus,  the  con- 
sideration of  which  will  soon  occupy  us,  yield  with  greater  or  less  certainty 
corresponding  peptones. 

Ferments. 

It  has  been  already  noticed  above  (p.  1 4),  that  the  instability  of  the 
albuminates  permits  of  their  ready  conversion  into  what  are  termed 
ferments.  By  the  action  of  such  substances, — ^we  believe  them  at  present 
to  spring  in  all  probability  from  this  source ;  the  albuminous  matters  are 
converted  into  peptones.  The  ferments  appear  combined  with  water  as 
constituents  of  the  gastric,  intestinal,  and  pancreatic  secretions.  Others 
of  them,  from  the  mouth  and  salivary  glands,  transform  amylon,  dextrin, 
and  glycogen  into  grape  sugar.  A  ferment  in  the  pancreatic  juice  splits  up 
the  neutral  fats  into  fatty  acids  and  glycerin.  Decomposing  albuminous 
substances  convert  nrea  into  carbonic  acid  and  ammonia,  &c.  Thus  the 
mutation  of  the  most  important  substances  in  the  body  introduces  a 
great  chemical  action  in  the  same,  and  leads  even  to  the  assimilation  of 
now  albuminoids  in  the  most  extraordinary  manner. 


B.  Hsemoglobulin. 

§13. 
H09moglobulin,  H»matoglobulin,  HeematocrystallixL 

We  have  been  recently  made  acquainted  with  a  remarkable  substance 
of  still  more  complex  constitution  than  the  albuminates,  which  may  very 
easily  be  resolved  into  an  albuminous  matter  resembling  globulin  and 
into  hsematin. 

From  the  red  blood-cells  of  man  and  the  vertebrates  generally,  a 
coloured  crystalline  substance  may  be  obtained,  namely,  after  destruction 
of  the  cells,  containing  iron,  and  of  the  greatest  instability.  Of  this  the 
blood-crystals  so  long  known  are  composed  (ßg.  1).  From  the  investiga- 
tions of  the  Gennans  Funke^  Lehmann^  Kunde,  Teichmann,  Bojanoicsky, 
Rollett,  Hoppe,  Böttcher,  and  others,  we  learn  that  the  substance  which 
thus  crystallizes  is  by  no  means  the  same  in  all  classes  of  vertebrates,  but 
offers  many  differences  for  our  consideration  as  regards  solubility  and 
crystalline  form.  The  difficulties  of  dealing  witli  it  chemically  are  greatly 
enhanced  by  its  liability  to  decomposition,  and  its  admixture  with  other 
matters. 

It  may  bo  obtained  with  greater  or  less  ease  in  various  ways :  by  first 
conducting  a  stream  of  oxygen  through  a  mixture  of  blood  and  water, 
and  then  carbonic  acid  ;  tlien  by  evaporation  of  diluted  blood,  to  which 
alcohol  and  ether  have  been  added  upon  the  glass  slide  of  the  microscope. 
Its  separation  is  favoured  by  the  presence  of  light  according  to  the 
general  opinion.     Crystals  may  likewise  be  obtained  by  the  freezing  and 
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subsequent  thawing  of  blood ;  by  elevation  of  temperature  to  60®  C. ;  by 
electric  discharges  and  the  continuous  current ;  by  pumping  out  the  gases 
of  the  blood;  by  the  additioa  to  the  latter  of  various  salts,  such  as 
sulphate  of  soda  and  those  of  the  bile ;  and  by  the  action  of  chloroform 
witii  free  access  of  air.  The  blood  of  different  animals  crystallizes  with 
varying  degrees  of  readiness.  In  that  of  the  guinea  pig  crystals  are 
formed  partici|larly  rapidly.  The  blood  of  the  splenic  vein  is  also  remark- 
able above  that  of  all  other 
localities  for  the  freedom  with 
which  crystals  are  formed  in  it. 

There  appear  to  be  further 
several  kinds  of  haemoglobin 
in  the  animal  kingdom. 

In  the  reddish  blood  of  many 
of  the  invertebrate  animals 
haemoglobin  has  also  been 
found. 

The  colouring  matter  of 
muscle  is  identical,  according 
to  Kuhnej  with  that  of  the 
blood-corpuscles. 

Blood-crystals  are  met  with 
under  various  forms — such  as 
prisms^  tetrahedrons,  hexagonal 
tables,  and rhombohcKirons.  The 
first  is  by  far  the  most  univer- 
sally encountered,  appearing  in 
man  and  the  greater  number  of 
mammals  (fig.  1,  c),  in  which 
rhombic  tables  may  also  occur 
(h).  The  haemoglobin  of  the 
mouse  and  guinea  pig  assumes 
the  form  of  tetrahedrons  (d). 
Hexagonal  plates  have  up  to 
the  present  been  found  in  the 
blood  of  the  squirrel  only  (/). 
In  the  hamster  or  German 
marmot  we  find  rhombohedrons 
{e).  In  fact,  almost  all  blood-crystals  belong  to  the  rhombic  system, 
with  the  exception  of  those  of  the  squirrel,  which  belong  to  the  hexagonal 
{Rollet^  von  Lang), 

Haemoglobin  crystals  are  double-refracting  and  pleochromatic ;  observed 
in  one  aspect  they  are  bluish-red,  in  another,  scarlet. 

They  are  insoluble  in  ether  and  alcohol,  but  dissolve  in  water,  com- 
municating to  it  a  blood-red  tint. 

Watery  solutions  of  haemoglobin  coagulate  on  being  heated,  owing  to 
the  production  of  an  albuminous  substance  globulin,  and  haematin  to  be 
mentioned  below.  The  same  separation  is  brought  about  by  the  action 
of  acids  and  alkalies. 

Haemoglobin  combines  with  many  gases,  e.g.^  oxygen,  carbonic  oxide, 
and  nitrous  oxide.  Crystals  obtained  under  free  access  of  air  con- 
tain oxygen  in  loose  chemical  combination,  which  is  parted  with  in  a 
vacuum,  or  when  the  former  are  heated.      This  is  the  oxyhcemoglohin 


Flff.  I. — CryatAls  from  the  blood  of  man  and  some  mam- 
mals. €^  blood-crystals  fruln  human  venous  blood; 
6,  from  the  splenic  vein ;  e,  crystals  from  the  blood  of 
a  cat's  heart ;  d^  from  the  juiatlar  rein  of  a  guinea 
I>if( ;  e,  from  the  hamster;  and/,  from  the  jugnlar  rein 
of  the  squirrel 


so 
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of  IIopf)e^  to  vrhhh  the  statements  made  above  in  reipect  to  blood- 

A  dilate  iolutioti  of  oscybaemoglobin  show«,  ai  was  discoreTed  by  Hoppe^ 
two  brood  bandis  of  absorption  between  the  lines  D  and  JJ  of  the  solar 
»p#ottiittt  (fig,  2,  a)  in  the  yellow  and  green  part.     Solutions  of  reduced 
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A  mi  e     ^    ^& 


prn^niljii  h|fMrnijjjLiMiinnMinm  tpiTiiiifi^Hili  in  i|i  ih|m  i  i|[ni|iLi  i  |in-rr 


Hx«  if^-^ppuraiici*  •! «ohitloQ«  of  h^nmaicMMit  In  thi  fpeeiroHep«.  i\  oijhirmoKlebln  and  nlirosy« 
lwt»i»Kl&1t|j| ;  A,  i:«rlKiiifeDiidalUetiiO|cLQbLii;  e,  reduced  bienio«lob»n;  i^  bftioiiln  Id  «da  •vlatLoti; 
%  liHUiiiLIu  ta  oUullD«  «Dlntldil ;  /  ndacAd  luemAtJii.    Solu  vjKctniin  witli  #V^maA4/%^i  tttifi«, 

haemogliibin,  on  the  otlier  band,  have  only  on©  absorption  band  between 
Dand  ^(*;),  {HtokuX 

B eduction  of  oxy haemoglobin  take^  pliuio  easily.  It  may  be  brought 
about  by  the  iiction  of  carbonic  a*! id  also. 

Beducod  htemnglobin  may  also  form  cryatals.  Tliey  ate  of  &  deep 
puimle  ^»louT,  and  for  more  ioluble  than  those  of  oxyhaomoglobin. 

The  Utter  «tibstance,  in  contact  with  carbonic  OKide  gas,  parts  with  its 
oxygen,  and  absorb«  the  last  named  compound.  In  this  way  a  crystalline 
oampound   of   cofbonicoxida    with   ha3moglohin  is   produeetl  {Hoppe). 
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The  combination  of  hsBmoglobin  with  nitrous  oxide  (Hermann)  conducts 
itself  in  a  manner  similar  to  its  combination  with  oxygen. 

C.  Histogenio  Derivatives  of  the  Albuminous  Substanoes 
or  Albuminoids. 

§14. 
Keratin.    Mucin.    Colloid. 

Wo  come  now  to  certain  matters  which  receive  in  general  but  little 
attention.  They  are  related  to  the  protein  compounds,  and  take  their 
origin  apparently  from  the  latter  within  the  body.  They  also  are  colloids. 
Their  decomposition  products  are,  in  many  respects,  very  similar  to  those 
of  the  albuminous  substances. 

In  the  older  colls  of  homy  tissue,  of  epithelium,  of  nails  and  hair,  as 
well  as  in  tlie  analogous  structures  of  animals,  there  exists  a  mixture  or 
compound  difficult  to  isolate  in  a  pure  state,  and  insoluble  in  water.  It 
may  contain  up  to  five  per  cent,  of  sulphur,  and  is  partially  soluble  in 
alkalies.  Its  decomposition  products,  among  which  leucin  and  a  large 
quantity  of  tyrosin  are  found,  indicate  a  close  relationship  with  the  pro- 
tein substances.     To  this  compound  the  name  Jceratin  has  been  given. 

Under  the  name  of  mucin  is  known  a  substance,  sometimes  gelatinous, 
sometimes  dissolved,  which  occurs  in  the  secretions  of  the  mucous  mem- 
branes, in  synovia  and  the  vitreous  humour  of  the  eye,  in  the  gelatin  of 
Wharton  of  the  umbilical  cord,  in  several  connective-tissue  structures,  and 
finally,  in  certain  pathological  products  (mucous  tissue).  This  substance 
does  not  coagulate  on  being  heated.  It  is  thrown  down  in  flakes  by  acetic 
acid,  and  is  not  redissolved  by  an  excess  of  the  same.  Alcohol  produces 
a  species  of  stringy  coagulum  in  solutions  containing  mucin,  but  this 
dissolves  again  in  warm  water.  In  many  other  respects  mucin  resembles 
the  protein  compounds  ;  its  reaction  with  sugar  and  sulphuric  acid  is  also 
the  same.  It  appears  to  contain  no  sulphur,  but  is,  on  the  other  hand, 
rich  in  phosphate  of  lime  (Scherer),  Mucin,  which  is  not  diffusible, 
manifests  fermenting  properties.  It  appears  to  form  a  kind  of  peptone 
(Eichwald). 

Colloid  matter  may  also  be  mentioned  hero  :  a  usually  homogenous 
substance  of  some  consistence,  insoluble  in  acetic  acid,  but  not,  like 
mucin,  precipitated  by  the  latter.  It  is  soluble,  on  the  other  hand,  in 
alkalies.  It  is  generally  met  with  as  a  pathological  product  of  tho 
transformation  of  tissues  (colloid  degeneration),  but  also  normally  at  cer- 
tain periods  of  life,  particularly  in  the  thyroid  gland  of  man. 

§15. 

Substcmces  jrielding  Qlutin. 

From  experience,  we  know  that  the  important  group  of  glut  in-yield- 
ing materials  takes  its  origin  from  protein  compounds.  These  principles 
only  occur  in  animal  organisms,  and  constitute  a  large  part  of  our  body, 
in  the  form  of  interstitial  matter  in  structures  composed  of  connective 
tissue,  of  bone,  and  of  cartilage.  We  understand  by  glutin-yielding 
materials,  compounds  containing  nitrogen  and  sulphur,  completely  in- 
soluble in  cold  water,  but  which  may  be  rendered  soluble  by  prolonged 
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boiling  in  the  same — ^yielding  then  a  principle  which  becomes  gelatinous 
on  cooling,  known  as  glue.  It  is  supposed  that  in  these  processes  the 
composition  of  the  materials  under  consideration  is  not  essentially  altered. 
Our  knowledge  of  the  chemistry  of  the  formation  of  glue  is  not,  how- 
ever, at  All  satisfactory  at  present. 

From  allied  protein  substances  these  materials  differ  in  their  solubility 
in  boiling  water  and  subsequent  gelatinisation.  With  the  sugar  and 
sulphuric  acid  test^  likewise,  they  do  not  become  red,  but  yellowish- 
brown.  With  nitric  acid  they  assume  a  yellow  colour,  like  albuminous 
materials. 

All  efforts  to  convert  albuminous  matters  into  glutin-yielding  sub- 
stances artificially,  as  well  as  the  latter  into  one  another,  have  up  to  the 
present  proved  futile. 

Collag«]!  and  Qlutin. 

Collagen^  or  the  substance  converted  into  ordinarj»^  glue  or  gluiin  by 
boiling,  has  received  but  little  attention,  while  glutin  has  been  made  the 
object  of  extensive  investigation  as  regards  its  reactions.  A  solution  of 
glue  is  not  affected  by  mineral  or  acetic  acids,  or  by  alkalies  ;  tannic  acid 
alone  gives  a  copious  precipitate.  Among  the  earthy  and  metallic  salts, 
the  chlorides  of  mercury  and  platinum,  and  basic  sulphate  of  iron,  pre- 
cipitate glutin,  but  not  acetate  of  lead.  A  polarised  ray  of  light  is  bent 
to  the  left  by  a  watery  solution  of  the  matter  in  question.  With  man- 
ganese and  sulphuric  acid  it  yields  the  decomposition  products  of  albumen; 
with  acids  and  alkalies,  ammonia,  leucin,  glycin,  and  other  compounds. 

From  glutin  is  formed  the  extensive  group  of  connective-tissue  struc- 
tures, the  organic  substratum  of  bones  and  ossified  cartilage.  Conse- 
quently collagen  is  found  widely  throughout  the  body,  entering  into  the 
composition  of  tissues  of  low  physiologictd  dignity.  From  the  fact  that, 
with  one  exception,  that  of  leucaemic  blood  (Scherer),  no  glutin  has  as 
yet  been  found  in  the  fluids  of  tlie  body,  we  infer  that  collagen  must 
spring  from  the  protein  substances.  Connective  tissue  likewise,  at  an 
early  embryonic  period,  yields  no  glutin,  but  appears  to  consist  of  a 
protein  compound  (Schwann),  As  to  the  mode  in  which  the  necessary 
changes  here  take  place,  the  present  state  of  zoochemistry  does  not  admit 
of  an  answer  being  given. 

Choadrigen  and  Chondrin. 

Chondrin,  or  cartilage-glue — obtained  from  the  cornea,  from  per^ 
manent  cartilage,  from  bone  cartilage  before  the  commencement  of 
ossification,  and  likewise  from  a  pathological  growth,  enchondroma — is 
allied  to  glutin.  Most  acids,  however,  pi^uce  precipitates  in  a  solution 
of  chondnn,  which  are  again  dissolved  by  an  excess  of  the  reagent.  The 
precipitate,  however,  caused  by  acetic  acid  does  not  redissolve.  Watery 
solutions  of  chondrin  possess  greater  power  of  left-sided  polarisation  than 
those  of  glutin.  Heavy  precipitates  are  also  seen  here  on  the  addition  of 
alum,  sulphates  of  the  protoxide  and  sesquioxide  of  iron,  sulphate  of 
copper,  neutral  and  basic  acetate  of  lead,  nitnito  of  silver,  and  nitrate  of 
mercury.  Boiled  with  hydrochloric  acid,  or  digested  in  gastric  juice, 
chondrin  yields,  besides  numerous  other  products,  a  sugar  (cartilage 
sugar),  as  far  as  we  know,  non-crystallizable,  but  capable  of  fermentation. 
If  this  last  statement  be  correct,  chondrin  may  bo  regarded  as  a  nitro- 
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genous  glycosid,  giving  Bome  indication  as  to  tlie  constitution  of  the 
albuminates.  With  sulpnuric  acid  chondrin  only  yields  leucin  appa- 
rently.    Of  chondrigen  but  little  is  known. 

As  to  the  origin  of  chondrin  from  the  protein  substances,  the  same 
may  be  said  as  of  glutin.  In  regard,  however,  to  a  transformation  of 
chondrin  into  glutin  during  the  process  of  ossification,  spoken  of  by  some, 
but  rather  improbable,  the  present  state  of  chemistry  permits  of  no 
definite  conclusions  being  drawn. 

It  would  appear  that  other  matters  nearly  related  to  these  two  better 
known  glue-yielding  substances  may  also  occur  in  the  body. 

Slastio  IflCaterial,  Elastin. 

In  numerous  tissues  of  the  body  a  substance  destitute  of  sulphur  is 
met  with,  which,  imlike  the  glutln-yiclding  materials,  is  remarkable  for 
its  great  insolubility  and  unchangeableness. 

This  elastic  subataTice,  even  on  prolonged  boiling,  yields  no  glutin,  if 
completely  free  from  connective  tissue.  It  is  likewise  unafibcted  by 
acetic  acid,  whether  warm  or  cold.  It  may  be  dissolved,  however,  by  a 
boiling  concentrated  solution  of  caustic  potash,  and  by  cold  sulphuric 
acid;  also  gradually,  by  saturated  nitric  acid  with  the  formation  of  xantho- 
proteinic  acid.  Elastin  is  not  coloured  red  by  the  test  of  sulphuric  acid 
and  sugar.  As  decomposition  products  under  the  action  of  the  last-named 
acid,  we  find  leucin,  but  neither  tyrosin  nor  glycin. 

Elastin,  the  definition  of  which  presents  many  difficulties  also  to  the 
microscopist,  enters  into  the  formation  of  fibres,  plates,  and  limiting 
layers  in  connective  tissue.  It  forms  also  in  various  organs  possibly, 
both  follicles  and  tubes,  and  capsules  around  animal  cells,  without  being  a 
constituent  of  the  true  cell-body  itself. 

The  great  unchangeableness  ot  this  substance,  with  its  chemical  inert- 
ness, seem  to  render  it  peculiarly  fitted  to  include  the  fluids  of  the  system, 
and  to  act  at  times  as  a  filter  for  the  same.  Its  great  elasticity  also 
serves  many  purposes. 

Its  source  is  not  as  yet  known  with  any  degree  of  certainty.  There 
can  be  hardly  any  doubt  however  that  it  has  its  origin  from  the  protein 
compounds  of  the  body. 


D.  The  Fatty  Acids  and  Fats. 

§16. 

Fatty  acids   appear  in  our  body  either  free   or  combined  vdth  an 
inorganic  base  (fat-soap),  or  as  a  mixture  of  glycerin-ethers  (neutral  fats). 
Let  us  glance  for  a  moment  at  the  latter  : — 

(OH 
Glycerin,  C^HgOs  or  CjHj  j  OH 

(  v/ll • 

Glycerin,  a  triatomic  alcohol,  with  the  radicle  glyceryl  =^CJI^f  is  met 
vrith  as  a  colourless,  non-crystallizable  syrup,  miscible  with  water  in  all 
proportions. 

Before  going  farther,  let  us  consider  for  a  moment  glycerophospJiaric 
8 
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aeid,  having  the  empyrical  formula  C,F,PO,.  It  is  a  bibasic  ethe^aad 
of  dycerin. 

fOH 

c,hJ  oh 

(PO,H.. 

Glycerophosphoric  acid  is  to  be  found  combined  with  variooB  matters 
— in  the  yelk  of  the  ovum,  in  cerebral  substance^  and  in  the  bile. 
(Comp.  §  20,  Lecithin.) 

The  neutral  fats,  however — those  glycerin  ethers  already  mentioned 
above — are  the  compounds  of  most  ordinary  occurrence  and  greatest 
importance  in  the  system. 

From  the  fact  that  in  our  fr^-atomic  alcohol,  1,  2,  or  3  atoms  of  H  of 
the  hydroxyl  may  be  replaced  by  the  acid  radical,  we  have  derived  three 
series  of  fats  known  as  raonoglycerides,  diglyceridea,  and  triglycerides. 

The  neutral  fats  occurring  naturally  belong  only  to  the  lasjb  group — 
the  triglycerides  of  many  acids. 

Glycerin  finds  its  way  into  the  body  with  the  neutral  fats  of  the 
food.  It  becomes  fi-ee  upon  the  saponification  of  these,  and  must  again 
re>combiue  with  the  fatty  acids  on  the  formation  of  fats  in  the  tissues, 
occurrences,  in  regard  to  which  we  are  still  in  the  dark.  The  physio- 
logical decomposition  products  of  glycerin  are  also  still  obscure. 

§17. 

The  fatty  acids  of  the  system  belong  to  two  natural  series,  of  which 
one  is  arranged  after  the  formula,  C,H^O, ;  the  other  C„H^.,0,. 

Among  the  numerous  monobasic  acids  of  the  first  group,  some  of  the 
lower  or  fluid  fatty  acids  do  not  possess  the  characters  of  tissue  elements, 
but  rather  those  of  decomposition  products. 

Formic  Acid,  CH,0, . 

Has  been  met  with  by  Scherer  and  Müller  in  the  fluids  with  which 
muscle,  the  brain,  and  the  spleen  are  saturated ;  also  in  the  thymus  gland 
(Gorup'Besanez)^  in  sweat  in  considerable  quantity  (Lehmann),  and  the 
blood  of  dogs  after  a  prolonged  sugary  diet  (Boucliardat  and  Sandrad), 
It  is  also  found  pathologically  in  blood.  Maay  of  these  statements  ap- 
pear, however,  questionable. 

Acetic  Acid,  C^H^O, . 

Is  a  constituent  of  the  juices  of  muscle  and  the  spleen  (ScJierer),  Further, 
it  is  to  be  met  with  in  the  thymus  gland,  and  has  been  observed  in  the 
perspiration.  Acetic  acid  is  also  known  as  one  of  the  ingredients  of  the 
gastric  juice ;  it  occurs  probably  also  in  the  fluids  of  the  brain.  Finally, 
it  appears  as  an  occasional  constituent  of  the  blood  after  brandy  pota- 
tions. 

Butyric  Acid,  C^HgO, . 

Appears  in  flesh  and  the  juices  of  the  spleen  (Scherer) ;  also  in  the  milk, 
sweat,  and  secretions  of  the  sebaceous  follicles  of  many  parts  of  the  body, 
as,  for  instance,  on  the  genitals :  in  the  urine  also  (?).  Its  presence  in 
blood  seems  doubtful  (Lehmann),    It  is  found  also  in  the  contents  of  the 
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stomach  and  intestines,  as  a  product  of  the  fermentation   of  hydro- 
carbons. 

With  glycerin  as  tribufyrin,  —  C,Hj  J  0 .  C4H7O    it  is  a  constituent 

I  O.C,H,0 
of  neutral  butter  fat. 

Capronio,  C,Hj,0, .    Gaprylic,  C,HieO, .    Caprinic,  CioH^^O, .    Acids. 

These  are  met  with,  in  a  free  state,  with  glycerin,  as  constituents  of 
butter,  and  possibly  also  of  sweat. 

Among  the  higher  members  of  the  group  with  which  we  ai*e  engaged, 
there  occur  several  of  these  acids  (usually  solid  at  the  ordinary  tempera- 
ture of  the  body)  as  constituents  of  the  neutral  fats,  and  consequently 
as  histogenic  compounds.  They  are  introduced  into  the  system  with 
the  fats  of  the  alimentary  matters  as  a  rule.  Their  physiological  decom- 
position probably  results  in  the  production  of  carbonic  acid  and  water  by 
oxidation,  at  the  same  timo  that  the  series  is  split  up  into  lower  members. 

Palmitio  Acid,  Cj^H^O, . 

Palmitic  acid  is  an  element  in  almost  all  fats  of  the  vegetable  and  ani- 
mal kingdom.  Its  melting  point  is  about  62^  C.  It  crystallizes  in  glit- 
tering pearly  scales. 

This  acid  forms  with  glycerin  a  compound  occurring  naturally  and 
abundantly  in  human  fat,  as 


Tripalmitin,  C,H,  <  O .  C,^H,iO . 
(O.CieHnO. 

Stearic  Acid,  CiqHmO,  . 

This  is  also  a  widely-spread  constituent  of  the  animal  neutral  fats,  and 
is  present  in  the  human  body.  Here,  however,  it  is  exceeded  in  quan- 
tity by  palmitic  acid ;  but  it  preponderates,  on  the  other  hand,  in  more 
solid  suety  fats,  as  those  of  cows  and  sheep.  Its  melting  point  is  higher 
than  that  of  the  preceding  acids,  being  about  69°  C.  It  crystallises  iu 
white  silvery  needles  or  scales. 

Its  neutral  combination  with  glycerin  is  known  as 

:o.c,«H,.o 

Tristearin,  C,Hs 


Among  the  acids  of  the  second  group  there  is  only  one  of  any  import- 
ance in  the  human  economy,  namely — 

Oleic  Acid  (Elaidic  Acid),  Ci,Ha«0,. 

Pure  oleic  acid  is  met  with  as  a  fluid  which  stiflfens  into  leaves  at  a 
temperature  of-  4®  C.  It  is  scentless  and  tasteless,  and  cannot  be  volati- 
lised without  decomposition.     Its  salts  are  not  crystallizable. 

Elaidic  acid  is  found  as  a  most  important  constituent  of  the  neutral 
fats  of  the  body,  combined  with  glycerin,  namely,  as 
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Triolein,  CgHj  I  0 . 

(  0 .  UigUsjU 

and  also  saponified  with  alkalies. 

It  is  introduced  into  the  body  with  the  neutral  fats  of  the  food.  Its 
physiological  decompositions  are  probably  manifold. 

Remarks. — It  was  formerly  believed  that  margaric  acid  was  the  most  widely-dis- 
tributed of  all  animal  fats.  From  the  fact,  however,  that  a  mixture  of  equal  parts  of 
palmitic  and  stearic  acids  has  naturally  the  same  composition  as  margaric  acid, 
OiyHjaO, ,  some  have  denied  the  existence  of  the  latter  altogether,  but  incorrectly, 
for  it  has  been  produced  artificially  {Becker^  HeitUz).  It  is  still  a  matter  of  doubt, 
however,  whether  it  and  trimargarin  are  constituents  of  the  ordinary  fats  of  the  body. 

§18. 

In  the  foregoing  section  the  constitution  of  the  neutral  fats  which  occur 
naturally,  have  been  brought  before  our  notice  ;  we  have  also  alluded  to 
the  difi'erent  fatty  acids  of  these  compounds.  It  is  not  possible  to  separate 
one  from  the  other,  with  any  degree  of  accuracy,  the  individual  neutral 
fatty  combinations  which  occur  here,  so  that  our  acquaintance  with  the 
latter  is  very  unsatisfactory.  They  receive  their  peculiarities  from  the 
fatty  acids  of  the  combination. 

Neutral  fats,-  when  pure,  are  colourless,  without  odour,  and  tasteless. 
Their  reaction  is  neutral,  they  are  lighter  than  water,  and  bad  conductors 
of  electricity.  They  are  insoluble  in  water,  but  soluble  in  warm  alcohol 
and  in  ether.  They  give  rise  to  fatty  stains  upon  paper,  bum  with  bril- 
liant flame,  and  cannot  be  volatilised  without  decomposition. 

By  the  action  of  steam,  heated  up  to  220°  C,  the  neutral  fats  are  split 
up  into  acids  and  glycerin.  The  same  effect  is  produced  through  the 
agency  of  ferments,  as,  for  instance,  putrefying  protein  compounds.  Ex- 
posed to  the  air  they  greedily  absorb  oxygen,  and  with  this  and  the  com- 
bined action  of  ferments,  become  rancid,  water  being  absorbed  and  glycerin 
and  fatty  acids  set  free.  Further,  by  the  action  of  alkalies  in  the  presence 
of  water,  they  are  decomposed  and  converted  into  soapy  compounds,  in 
which  process  glycerin  is  set  free,  while  the  acid  combines  with  the  inor- 
ganic base. 

It  has  been  already  remarked  above,  tjiat  the  separation  of  the  several 
neutral  fats  from  the  natural  fats  of  the  human  body  is  not  possible. 
Ilence  the  questions  in  regard  to  their  nature  have  been  answered  in  various 
ways.  Berth  dot  f  following  up  Pclouze,  has  recently  composed  the  neutral 
fats  by  artificial  means  out  of  glycerin  and  the  fatty  acids,  and  has  thus 
opened  up  a  new  way  for  the  recognition  of  the  fatty  matters  occurring 
in  the  system.  From  the  correspondence  between  their  properties  and 
those  of  the  natural  fats,  many  of  these  compounded  neutral  fats  have 
been  recognised  as  constituents  of  the  body. 

They  are,  therefore,  all  of  them,  combinations,  in  which  the  three  atoms 
of  H  of  the  hydroxyls  of  the  glycerin  are  replaced  by  the  corresponding 
radicals  of  those  fatty  acids.  Thus  we  have  a  compound  corresponding 
with  olaidic  acid,  triolein,  a  fluid  at  ordinary  temperatures,  and  then  hold- 
ing two  other  solid  crystalline  neutral  fats  in  solution,  namely,  tripalmitin 
and  tristearin*  It  is  still  doubtful  whether  we  have  here  all  the  con- 
stituents of  the  mixture  of  neutral  fats  occurring  in  the  system.    In  butter 

*  To  these  may  be  added  probably  irifnargeain. 
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thcro  exists  a  combination  of  butyric,  caprinic,  caprylic,  and  capronic 
acids,  with  glycerin. 

According  to  the  quantity  of  solid  neutral  fat  dissolved  in  the  triolein, 
are  the  animal  adipose  tissues  soft,  or  hard  and  suety  after  death.  During 
life,  however,  owing  to  the  natural  warmth  of  the  body,  they  all  remain 
soft,  and  more  or  less  fluid.  In  one  and  the  same  animal,  moreover,  the 
adipose  matter  of  many  parts  of  the  body  may  contain  variable  quantities 
of  solid  fats. 

The  neutral  combinations  of  the  latter  occur  widely  distributed  through- 
out the  body.  They  are  to  be  met  with  in  nearly  all  fluids  and  tissues 
accompanying  all  the  protein  compounds  and  histogenic  substances. 
Their  amount  is  very  variable.  They  appear  in  enormous  quantities  in 
the  celh  of  fatty  tissue,  under  the  skin,  in  the  orbit ;  around  the  heart  and 
kidneys,  and  in  bone;  likewise  in  medullary  nei-vous  matter,  together 
with  some  special  compounds,  now  better  known  than  formerly.  Its 
constant  presence  in  the  tissues  leaves  no  doubt  as  to  the  histogenic  nature 
of  fat.  On  the  other  hand,  other  tissues 
are  frequently  destroyed  with  fatty  infil- 
tration or  generation,  both  physiological 
and  pathological  (fatty  degeneration).  The 
hisU^nic  signiflcanco  of  the  fats  appears 
greatly  heightened  when  we  remember  the 
fact  that  the  hard  crystalline  combinations 
forfeit  their  crystallizability  on  becoming 
dissolved  in  triolein. 

Under  certain  circumstances,  solid  fat 
separates  from  the  natural  fatty  matters  of 
the  body  on  the  cooling  of  the  latter  after 
death,  in  the  form  of  needle-shaped  crys- 
tals or  groups  of  the  same  (fig.  3).  These 
are  known  to  the  microscopist  as  margarin 
crystals. 

Remarks.— The  percentage  of  fats  in  difTorent  tissues  is — in  lymph,  005  ;  in  chyle, 
02  ;  blood,  0*4;  cartilage,  1-3  ;  bone,  l-*  ;  lens,  20  ;  liver,  24  ;  muscle,  3'3  ;  brain, 
8'0  ;  nerves,  22*1 ;  spinal  cord,  23  6 ;  fatty  tissue,  82  7  ;  yellow  marrow  of  bones, 
»6  0. 


Ylg.  8. — CrysttU  of  marf^arin.  a,  Bingle 
needles;  &.  larger  groups  of  the  same; 
c,  Kroaps  of  needles  within  fnt-cells;  </, 
a  fat-cell  quite  free  of  them. 


§19. 

In  considering  the  objects  for  which  fat  is  designed  in  the  human 
system,  the  following  points  may  be  borne  in  mind  : — 

1.  The  fats  appear  important,  owing  to  their  soft,  fluid  consistence 
at  the  ordinary  temperature  of  the  living  body,  as  distributors  of  pres- 
sure, as  pads  and  filling-up  matters  in  various  positions. 

2.  Large  collections  of  neutral  fats,  as  bad  conductors,  prevent  to  a 
certain  extent  loss  of  heat  to  the  system. 

3.  Tbey  possess  the  somewhat  subordinate  property  of  rendering 
many  hard  tissues,  such  as  epidermis  and  hair,  pliant  and  soft,  by  satu- 
rating them.  For  tliis  purpose  the  secretions  of  the  sebaceous  glands 
appear  particularly  designed. 

4.  Their  want  of  affinity  for  water  seems  to  render  them  peculiarly 
suited  to  separate  from  watery  fluids  in  the  form  of  granules  and  drops, 
and  so  give  origin  to  the  formation  of  elementary  molecules  and  vesicles. 
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5.  Owing  to  a  certain  chemical  inertness  in  fat,  the  latter  appears 
fitted  for  the  formation  of  tissues  which  take  but  little  active  part  in  the 
chemical  processes  of  the  economy. 

6.  By  the  fermenting  action  of  the  protein  compounds,  but  more  by 
contact  with  the  oxygen  of  the  atmosphere,  the  fats  become  decomposed, 
and  the  fatty  acids  formed  into  other  combinations,  the  final  result  of 
which  is  the  production  of  carbonic  acid  and  water.  The  heat  which 
is  evolved  in  this  process  constitutes  them  of  the  highest  importance. 

7.  According  to  Lehmann,  the  fats  possess  the  nature  of  ferments,  in 
that  with  the  protein  compounds  they  lead  to  the  generation  of  lactic 
acid  in  fluids  containing  sugar  and  starch.  The  energy  of  pepsin  in  the 
gastric  juice  is  also  said  to  be  increased  by  the  presence  of  fate. 

8.  Though  the  neutral  fats  are  not  soluble  in  the  watery  fluids  of  the 
body,  their  soapy  combinations  are,  and  are  consequently  of  great  im- 
portance for  the  distribution  of  fatty  acids  through  the  system. 

The  neutral  fats  are  received  into  the  body  with  food,  although  the 
possibility  of  their  production  also  in  the  human  organism  from  hydro- 
carbons must  also  be  granted.  That  this  takes  place  in  many  animals  has 
been  proved,  as  is  well  kno>vn,  by  Lieh  ig.  Their  origin  from  protein 
compounds  can  likewise  be  no  longer  really  doubted. 


§20. 
Cerebral  Matters,  Gerebrin  and  Lecitliin. 

Among  the  substances  of  which  the  bi-ain  and  spinal  cord  are  made  np 
(but  also  in  other  parts  of  the  animal  body)  there  occur  several  peculiar, 
unstable  compounds,  difficult  of  analysis.  They  are  remarkable  for  the 
property  of  swelling  lip  in  hot  water  into  a  substance  like  starch,  for 
their  solubility  in  warm  alcohol  and  ether,  and  for  their  occasionally 
containing  phosphorus.  They  were  formerly  erroneously  designated  as 
phosphorous  fatty  mattei-s. 

Gerebrin,  C„II„NO, . 

Cerebrin,  originally  described  by  Fr6my  as  cerebric  acid,  and  after- 
wards investigated  by  Gohley  and  Müller,  is  a  white  powder,  seen  under 
the  microscope  to  be  composed  of  roim.dish  globules.  It  can  only  be  dis- 
solved in  warm  alcohol  and  ether,  and  is  decomposed  by  boiling  hydro- 
chloric and  nitric  acids.  It  is  insoluble  in  ammonia,  caustic  potash, 
and  baryta  water,  and  also  in  cold  water ;  while  in  hot,  as  already  men- 
tioned, it  swells  up  into  a  substance  resembling  boiled  starch. 

On  being  boiled  with  acids,  cerebrin  yields  a  species  of  sugar,  and  is 
therefore  a  glucoside.  Its  precise  nature  i-emains  for  further  investiga- 
tion. 

Lecithin,  C^jHg^NPO,  . 

This  substance,  first  discovered  by  Gohley,  is  indistinctly  crystalline. 
It  resembles  wax,  may  be  easily  melted,  and  is  soluble  in  hot  alcohol 
and  ether.  It  enters  into  combination  with  acids  and  salts.  In  warm 
water  it  gelatinizes  like  cerebrin. 

Lecithin  is  a  substance  easily  decomposed.  By  prolonged  boiling  in 
spirits  of  wine,  or  better  still,  in  acids  or  bases,  as  baryta  water,  it 
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{OH 
\(CIL  \  OH    P^™^^^^  *^^ 

oleic  acid,  and  glycerophosphoric  acid. 

Lecithin  may  be  derived  from  glycerophosphoric  acid,  in  which  the 
two  hydroxyl  hydrogens  of  the  glycerin  are  replaced  by  the  radicals  of 
palmitic  and  elaidic  acids,  at  the  same  time  that  the  neurin  (half  alcohol 
and  half  base)  fonns  with  the  glycerophosphoric  acid  an  ether-acid.  Its 
formula  is  therefore 


rO.C,.H3,0 
C;B[  JO.Ci^H^O 

(o.poiR^ 


(OH 
10 


C,H,(CH,),N.OH. 

This  substance j  besides  being  found  in  nervous  tissue,  is  also  found  in 
the  yelk  of  the  eggs  of  hens,  in  the  blood-corpuscles,  in  bile,  semen,  and 
pus.     There  appear  to  be  various  kinds  of  lecithin  in  nature. 

Prof  agon  f  a  substance  described  some  years  ago  by  Liebreich^  is  simply 
a  mixture  of  cerebrin  and  lecithin. 

By  myelin^  as  described  by  Virckow,  we  understand  a  substance  of 
peculiar  microscopic  appearances  occurring  in  diiferent  parts  of  the  body, 
especially  in  those  undergoing  decomposition.  It  has  a  characteristic 
dull  lustre  (fig.  4),  and  is  usually  met  with  in  masses  of  roundish,  oval, 
filiform,  looped,  or  lobulated  figure,  with  double  outline.  Myelin  is 
tinged  slightly  brown  by  iodine,  while  in  concentrated  sulphuric  acid  it 
becomes  of  a  red,  or  at  times  violet,  colour.  It  resembles  cerebrin  and 
lecithin  in  its  property  of  absorbing  hot  water,  and 
swelling  up  into  a  gelatinous  mass,  and  also  in  its  rela- 
tions of  solubility  to  alcohol  and  ether.  Myelin  drops, 
however,  may  be  obtained  from  compounds  of  quite  a 
different  nature,  as,  for  instance,  from  oleic  acid  and 
ammonia  (Neubauer).  Myelin  is  therefore  chemically 
untenable  as  a  special  combination. 

Another  allied  substance,  known  as  amyloid,  may  bo 
also  mentioned  here.     This  appears  in  peculiar  homo- 
geneous masses  of  dull  lustre,  and  is  probably  a  mixed  Fig.  4.— Diffemit  fonni 
degeneration  product  of  many,  especially  glandular  por-  of  myelin. 

tions  of  the  body  (waxy  or  lardy  degeneration).      Amyloid  matter  is 
coloured  of  a  peculiar  reddish-brown  or  brownish- 
violet  with  a  solution  of  iodine,  which  turns  to  violet    ^^  ^    ^L 
usually  on  the  subsequent  addition  of  concentrated    ^^  Q      w 
sulphuric  acid,  or,  more  rarely,  to  blue. 

\Ve  turn  finally  to  the  corpuscida  amylacea, 
round  or  bilobular  structures  of  very  variable  size, 
which  bear  a  strong  resemblance  to  granules  of 
starch,  whence  the  name.  They  are  sometimes 
laminated,  sometimes  not,  and  vary  in  their  re- 
actions, becoming  violet  under  the  action  of  iodine 
and  sulphuric  acid,  but  frequently  blue  or  bluish  Fiff.«.—Corpti»cuiaamyiioM 

.,,     .     r.  ,  ^  rrn         n  ii  i  •  from  the  human  bialiL 

With  iodine  alone.     Thus  they  resemble  aniylum  m 
one  respect,  and  cellulose  in  another,  although  we  are  not  justified  in  re- 
ferring them  to  either  of  these  substances. 

The  corpora  amylacea  are  to  be  found  in  the  nervous  centres  of  putre- 
fying corpses,  and,  moreover,  in  quantity  increasing  with  the  advance  of 
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decomposition.     Besides,  however,  they  may  occur  pathologically  in  the 
living  body,  c.<7.,  in  the  organs  just  mentioned,  the  brain  and  spinal  cord, 
whose  sustentacular  connective  tissue  may  contain  them  in  abundance. 
They  are  met  with  also  in  the  prostate  of  considerable  size. 
BxMABXB.—Sirecker  in  the  Zeitschr,  fur  Chemie,  1868,  S.  487. 

§21. 
Cholestearin,  ^"^jf|  |  0  +  H«0  . 

Sensible  of  the  difficulty  of  appropriately  grouping  animal  substances, 
for  the  present  we  insert  here  monatomic  alcohol,  with  the  distinct  charac- 
ters of  a  decomposition  product. 

This  compound  (fig.  G)  has  a  very  characteristic  crystalline  form ;  it  is 
found,  namely,  in  extremely  thin,  rhombic  tables,  whose  obtuse  angle  is 
IOC  30',  and  acute,  79°  30',  according  to  C.  Schmidt  These  are 
usually  arranged  overlapping  each  other,  and  are  frequently  broken  at 
the  comers. 

Cholestearin  is  completely  insoluble  in  water,  but  perfectly  soluble  in 

boiling  alcohol,  ether,  and  chloroform.  It  is 
dissolved  in  fats  and  ethereal  oils ;  in  the 
two  combinations  with  soda  of  the  biliary 
acids  and  in  soap-water — important  proper- 
ties in  regard  to  the  occurrence  in  the 
human  body  of  this  otherwise  insoluble 
substance. 

Treated  with  sulphuric  acid,  crystals  of 
cholestearin  become  of  a  rusty  or  purple 
colour,  beginning  at  the  edges.  In  concen- 
trated acid,  on  the  other  hand,  they  dis- 
n«.  6.-Crysui.  of  choiertearin.  8^1^^  gradually,  forming  coloured  globules. 
The  addition  of  iodine  to  these  reagents 
produces  more  lively  colours  stilL 

Cholestearin,  which  has  been  recently  met  with  widely  distributed 
throughout  the  vegetable  kingdom  {Beneke,  Koihe),  has  no  histogenic  pro- 
perties, its  crystallizability  seeming  to  render  it  but  little  fitted  to  enter 
into  the  structure  of  tissues.  It  possesses  entirely  the  nature  of  a  mutation 
product — whether  of  the  fats  or  of  azotised  histogenic  substances  is  still 
undecided.  It  is  extensively  distributed  throughout  the  system,  but  is 
only  excreted  in  minute  quantities,  so  that  some  further  decomposition 
still  quite  unknown  to  us  may  be  inferred. 

It  is  found  in  the  blood,  but  in  small  amount,  and  in  most  of  the 
animal  fluids,  especially  in  bile,  but  not  in  the  urine.  It  is  also  met 
with  in  the  substance  of  the  brain,  as  a  constituent  of  myelin,  in  patholo- 
gical fluids  and  tumors,  and  in  biliary  calculi  Passing  off  with  the 
bile,  it  is  found  in  the  excrements. 

E.  The  Carbhydrates. 

§22. 

These  substances  bear  this  not  very  happily  chosen  name  on  account 
of  their  containing  oxygen  and  hydrogen  in  the  same  proportions  as  in 
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water;  they  have  therefore  been  regarded  as  hydrates  of  carbon.  AU 
have  at  least  six  atoms  of  the  latter.  Should  they  contain  more,  they 
are  litill  complete  multiples  of  six.  They  may  be  looked  upon  as  deriva- 
tives of  the  six-atomed  alcohols,  and  are  divided  according  te  their  com- 
position into  three  groupa 

L  The  grape-sugar  group  {O^Hyjd^,  These  may  be  regarded  from  the 
way  in  which  they  conduct  themselves  as  aldehydes  of  the  six-atomed 
alcohols. 

IL  The  cane-sugar  group  (CuH^Ou),  may  be  looked  upon  as  made  up 
of  anhydrites  or  ethers,  formed  of  two  molecules  of  the  last,  with  the  loss 
of  one  molecule  of  H^O. 

III.  Cellulose  group  {Q^^fi^,  The  molecular  proportions  of  these 
compounds  are  not  yet  ascertained.  Most  of  them  appear  to  possess  a 
higher  molecular  weight  than  the  last.  They  are  likewise  anhydritic 
derivatives. 

All  hydrocarbons  are  of  neutral  constitution ;  none  are  volatile ; 
some  are  crystalline ;  some  are  insoluble ;  others  easily  soluble  in  water. 
The  latter  appear  in  the  system  usually  in  watery  solution,  or  possibly 
entering  into  the  composition  of  other  substances  as  so-called  glucosides. 

The  various  hydrocarbons  pass  easily  one  into  another,  and  in  these 
processes  many  of  the  albuminous  matters  of  the  body  play  an  impor- 
tant part  as  ferments.  On  being  digested  in  dilute  mineral  acids,  most 
of  them  are  converted  into  grape  sugar.  The  relation,  further,  of  the 
hydrocarbons  to  the  organic  acids  is  of  importance,  many  of  them 
possessing  the  same  emp3rrical  composition,  and  a  part  springing  easily 
from  the  latter,  as  in  the  case  of  acetic  and  other  fatty  acids,  and  lactic 
acid.     Their  relations  to  alcohols  must  also  be  remembered. 

The  importence  of  the  hydrocarbons  in  the  vegetoble  kingdom  is  very 
great,  produced  as  they  are,  with  some  exceptions  (as,  for  instence,  sugar 
of  milk),  by  the  plant ;  some  of  them  are  likewise  of  great  histogenic 
worth  here,  especially  cellulose.  The  case  is  quite  otherwise  in  the  ani- 
mal organism,  particularly  in  the  bodies  of  the  higher  animals  and  man. 
The  few  hydrocarbons  which  here  appear  do  not  manifest  tissue-forming 
qualities  in  the  remotest  degree,  and  are  dissolved  in  the  juices;  on  the 
contrary,  they  seem  to  be  decomposition  products  of  other  materials, 
such  as  the  protein  compounds,  or  their  source  is  the  food  taken  into 
the  body.  By  their  physiological  decomposition  they  yield,  according  to 
the  commonly  received  theory,  carbonic  acid  and  water.  It  is  still  an 
undecided  question  how  far  they  can  pass  into  the  higher  members  of 
the  fatty  acids,  thus  playing  a  part  in  the  formation  of  fat,  but  that  some 
of  the  hydrocarbons  do  so  is  certain. 

In  this  group  are  included  among  several  other  substances  three  kinds 
of  sugar,  namely,  grape  sugar^  inosite,  and  sugar  of  milky  as  constituente 
of  our  body. 

The  sugars  are  generally  sweet  to  the  taste,  soluble  in  water,  and 
almost  all  crystalline.  They  undergo  vinous  fermentetion  with  greater 
or  less  readiness  quickly  in  the  case  of  grape  sugar ;  slowly,  as  in  that 
of  sugar  of  milk ;  or  not  at  all,  as  in  that  of  inosite. 

Olycogen,  CjHjoO,. 

This  compound,  stending  between  amylum  and  dextrin,  was  dis^ 
covered  by  Bernard,     It  is  met  with  as  an  amorphous  substance,  whicli 
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swells  up  in  cold  water,  and  is  dissolved  in  warm,  forming  an  opalescent 
fluid,  manifesting  strong  right-handed  polarisation.  Glycogen  becomes 
of  a  wine-red  colour  on  the  addition  of  iodine,  or  also  brown  and  violet. 
It  occurs  in  the  tissue  of  the  liver,  and  also  temporarily  in  different 
embryonic  tissues,  as  well  as  in  the  muscles  of  phytophagous  animals. 
It  may  be  converted  in  various  ways  into  grape  sugar,  as,  for  instance, 
by  boiling  with  dilute  acids,  by  admixture  with  diastase,  saliva,  pan- 
creatic juice,  or  blood.  Glycogen  is  of  great  importance  in  the  formation 
of  hepatic  sugar  through  the  action  of  a  ferment.  Its  hypothetic  origin 
may  be  referred  to  the  decomposition  of  some  albuminous  substance. 

Dextrin,  C^HioO^ . 

This  compound  is  soluble  in  water,  and  viscous  when  in  concentrated 
solution.  A  polarised  ray  is  deflected  strongly  to  the  right  by  its  watery 
solution,  which  is  coloured  reddish-violet  by  the  addition  to  it  of  iodine 
dissolved  in  iodide  of  potassium.  It  is  converted  readily  into  grape 
sugar  by  the  action  of  dUute  sulphuric  acid,  diastase,  and  saliva. 

It  is  found  in  the  contents  of  the  intestine  after  starchy  food,  in  the 
blood  of  phytophagous  animals,  in  the  liver  of  horses  after  feeding  on 
oats,  as  well  as  in  the  muscles  of  the  latter  (Limpricht), 

Grape  Sugar,  C,H„0,  -|-  H^O . 

Grape  sugar  (fig.  7)  usually  crystallizes  indistinctly  in  crumb-like  or 
warty  masses ;  rarely  in  tables,  which  probably  belong  to  the  clinorhom- 
bic  system.  It  is  soluble  in  water,  and  in  this  form  polarises  light  to 
the  right.  Grape  sugar  reduces  sulphate  of  copper  with  a  solution  of 
potash,  and,  on  being  heated  slightly,  to  the  condition  of  suboxide,  and 
forms  a  combination  with  chloride  of  sodium,  which  crystallizes  in 
large  four  or  six-sided  pyramids.  In  the  presence  of  other  nitrogenous 
substances,  as  albumen  and  casein,  and  also  of  bases,  it  undergoes  lactic, 
and  lato.r,  butyric  acid  fermentation. 

Grape  sugar  occurring  in  the  animal  kingdom,  and  springing-  from 
other  carbohydrates  in  various  ways,  is  formed  from  the  latter,  more  par- 
ticularly from  aniylum,  by  the  fermenting  action  of  many  glandular 
secretions,   particularly   tliose   of  the   mouth,   pancreas,  and   intestines 

within  the  body.      It   is  absorbed  in  the 

O  digestive  tract,  and  appears  in  the  chyle  and 
blood.  It  is  generally  supposed,  from  the 
fact  of  its  disappearing  rapidly  in  the  latter, 
that  it  undergoes  combustion  with  the  for- 
mation of  carbonic  acid  and  water  ;  but  the 
intermediate  products  are  unknown. 

Besides  this,  the  grape  sugar  found  in 
dead  hepatic  tissue  has  a  second  significance 

O  already  alluded  to  in  speaking  of  glycogen. 

Normal  human  urine  is  probably  not  en- 
tirely free  from  grape  sugar ;  but  the  latter 
Kiff.  T^Tabuiar  crysiai«  of  empo  sugar  may  be   mado  to   appear  in  considerable 
obtained  from  honey.  quantities  in  the  urine  of  animals,  by  irri- 

tation of  the  medulla  elongata  {Bernard) :  irritation  of  other  portions 
of  the  nervous  centres,  however,  produces  the  same  remarkable  pheno- 
menon.    Thifl  substance  occurs  pathologically,  and  often  in  considerable 
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quantity,  in  a  peculiar  disease  kno'wn  as  diabetes  fnellitus.      In  this 
fuffection  it  is  found  in  the  urine  and  most  opposite  fluids  of  the  body. 

Inosite  or  Muscle  Sugar,  CcHiiO«  +  2H,0 . 

This  suhstance,  discovered  by  Scherer,  is  identical  with  the  phaseoman- 
nite  first  found  in  beans  by  Vohl,  and  subsequently,  extensively  distri- 
buted through  the  animal  kingdom. 

Inosite  (tig.  8.)  forms  clinorectangular  prisms,  which  lose  at  100°  C. 
two  molecules  of  water  of  crystallization,  efflorescing  in  the  air.  From 
its  solution  in  boiling  alcohol  it  separates  in  brilliant  scales.  It  is  easily 
dissolved  in  water,  and  undergoes  fermentation  with  cheesy  substances, 
generating  so  lactic  and  butyric  acids. 

The  plane  of  polarisation  is  not  affected  by  it,  nor  does  it  reduce  sul- 
phate of  copper.  On  the  other  hand, 
when  evaporated  almost  to  dryness 
with  nitric  acid,  and  then  treated  with 
ammonia,  it  becomes  of  a  lively  rose- 
red  colour  on  being  again  evaporated, 
especially  when  chloride  of  calcium  is 
present. 

Inosite  is  widely  distributed  through- 
out the  body.  It  is  met  with  in  the 
juices  of  the  muscle  of  the  heart,  in 
the  muscles  of  dogs,  in  the  pancreas 
and  thymus  {Scherer),  It  has  been 
also  found  by  Clo'etia  in  the  lungs, 
kidneys,  spleen,  and  liver,  and  finally, 
by  Müller  in  the  substance  of  the  brain, 
and  by  Holm  in  the  suprarenal  capsules  Fig.  a— inoaite,  from  the  mxtadt  of  the  huxum 
of  the  ox.  Inosite  may  also  pass  off  by 
the  urine,  as  in  diabetes  and  Bright' 8  disease  {Cloetta,  Nettkomm). 

It  is,  without  doubt,  a  decomposition  product  of  histogenic  substances. 

Sugar  of  Mük,  Ci,H„0,i+  H,0. 

This  compound  is  distinguished  from  that  just  mentioned  by  its  che- 
mical composition,  as  well  as  its  crystallization  in  oblique  four-sided  prisms 
(fig.  9),  and  lower  degree  of  solubility  in  water.  It  polarises  a  ray  of  light 
also  to  the  right,  and  reduces  oxide  of  copper 
like  grape-sugar.  Sugar  of  milk,  like  inosite,  is 
converted  by  cheesy  and  other  ferments  into 
lactic  and  butyric  acids. 

Milk-sugar  is  not  found  in  the  vegetable 
kingdom,  but  is  a  constituent  of  mammalian 
and  human  milk.  Its  quantity  in  this  fluid 
stands  in  proportion  to  tlie  amount  of  carbo- 
hydrates introduced  into  the  system,  and  j^et 
it  is  not  absent  in  the  milk  of  the  carnivore 
after  an  exclusively  floshy  diet,  as  Deiisch  has  pig.  9._sugar  of  miik. 

shown  in  confutation  of  Dumas*  statements. 

It  has  not  yet  been  demonstrated  in  the  blood  of  mammals  with  cer- 
tainty, and  appears  not  to  exist  there. 

Sugar  of  milk,  therefore,  is  probably  generated  by  the  (fermenting  1) 
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action  of  the  mammary  ^land.  There  seem  strong  grounds  for  believing, 
further,  that  grape-sugar  is  the  substance  from  which  it  is  formed  in  this 
proc«383. 

F.  Non-Nitrogenous  Acids. 

§23. 

In  considering  the  fats  (§  17),  we  have  already  been  obliged  to  refer  to 
two  homologous  series  of  acids,  partly  possessing  histogenic  properties. 
We  now  add  here  another  series,  having  decidedly  the  nature  of  decom- 
position products. 

In  the  first  place  may  be  mentioned  two  acids  of  the  lactic-acid  group, 
isomeric  combinations,  but  differing  in  their  constitution — the  first  being 
derived  from  aldehyd,  the  second  from  ethyl  compounds. 

Lactic  Acid,  C,H«0„  or  ]  CILOH 
(  CO.H . 

This  acid,  which  is  easily  formed  from  amylum  or  sugary  fluids  by  fer- 
mentation, or  also  from  inosite,  is  found  in  the  gastric 
juice;  further,  in  the  contents  of  the  intestinal 
canal,  as  a  decomposition  product  of  ingested  carbo- 
hydrates, and  also  in  the  brain,  and  various  gland- 
fluids  of  the  body  (?).  With  bases  it  forms  salts 
under  certain  circumstances. 

Among  these  we  have  lactate  ofcalciu7n(CJifl^)JOA 
+  5H^0  (tig.  10),  which  crystallizes  in  brush-like 
groups  of  very  fine  needles. 

Another  salt,  lactate  of  zinc,  is  of  considerable 
diagnostic  worth  in  the  recognition  of  lactic  acitL 
Its  formula  is  (CJl fiX^'^  +  3HjO,  and  it  crys- 
tallizes   in    four-sided    obliquely-truncated    prisms, 
which  present  a  characteristic  clubbed  appearance 
while  in  process  of  formation. 
FiR.  10.— Uctate  of  lime       In  regard  to  the  source  of  lactic  acid  in  the  body, 
In  group,  of  flue  needles,  ^i^^j^  can  be  uo  doubt  that,  where  it  is  not  a  pro- 
duct of  fermentation,  it  is  derived  from  the  decomposition  of  histogenic 
substances. 

(  CH,OH 
Paralactic  Acid,  C.HgO«,  or  <  CH, 

(CO,H. 

This  acid,  so  similar  to  ordinary  lactic  acid,  differs  from  it  in  its  salts, 
which  vary  in  their  solubility  and  amount  of  water  of  combination. 

Paralaetate  of  calcium^  {O^fi^fi^  -h  i)ifi ,  has  the  same  crystalline 
form,  but  is  less  soluble  than  the  corresponding  salt  of  ordinary  lactic 
acid.    ' 

Paralaetate  qfzincy  (CsHjOJ^Zn  -»■  211^0 ,  is  the  same  as  the  crystalline 
form,  but  easier  of  solution  in  water  and  alcohol  than  lactate  of  zinc. 

Paralactic  acid  is  to  be  found  in  muscle,  on  the  death  of  which  it 
becomes  free,  giving  to  its  juices  their  acid  reaction.  It  is  also  present 
in  bile  (Strecker), 


k 
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§24. 

Two  other  acids,  from  another  series  occurring  in  the  human  ho<ly 
must  now  be  considered,  namely,  oxalic  and  succinic. 

Oxalic  Acid,  CaOt  (OH),. 

This  acid  is  found  widely  throughout  the  vegetable  kingdom,  and  ap- 
pears as  an  end  product  in  the  oxidation  of  most  animal  and  vegetable 
substances.  Oxalic  acid  forms  with  one  atom  of  Ca  neutral  oxalate  of 
ealciumy  almost  the  only  one  of  its  salts  found  in  the  human  body. 

Oxalate  of  Galciuxn,  CfiJCtk+SKfi. 

This  compound  is  insoluble  in  water  and  acetic  acid,  but  soluble  in 
hydrochloric  and  nitric  acids.  On  being  roasted  it  is  converted  into  car- 
bonate of  calcium.  It  crystallises  in  blunt,and  at  times  also  pointed, square 
octahedrons,  which  look  like  envelopes  under  low  micro- 
scopic power  (fig.  11). 

Oxalate  of  calcium,  a  large  amount  of  which  is  never  met  with 
in  the  body,  is  probably,  in  very  minute  quantity,  a  normal 
constituent  of  the  urine.     After  a  vegetable  diet,  and  drinks      %Sk^ 
containing  a  large  amount  of  carbonic  acid,  this  salt  has  been      j.    ßf 
most  frequently  observed.     It  likewise  appears  in  conjunc-     ^v 
tion  with  disturbance  of  the  respiratory  functions,  and  may      ^^ 
give  rise  to  the  formation  of  mulberry  calculi.    It  is,  further,         ^ 
met  with  in  the  gall-bladder  and  in  uterine  mucus   (0,     Sis^ofTx^t« 

Schmidt).  ofaüciam. 

The  sources  of  oxalic  acid  may  be  manifold,  as  is  indicated  by  its  occur- 
rence and  origin.  In  the  first  place,  it  may  spring  from  vegetable  food, 
and,  in  the  second,  from  the  decomposition  of  various  animal  matters.  In 
the  latter  respect  its  formation  from  the  oxidation  of  uric  acid  must  be 
mentioned  ( Wähler  and  Liehig) ;  also  the  fact  that,  on  the  injection  of 
urates  into  the  blood,  the  amount  of  urea  and  oxalic  acid  is  increased  in 
the  urine  ( Wöhler  and  Frerichs). 

Succinic  Acid,  C^H^O«. 

*  This  compound,  which  originates  in  the  oxidation  of  the  fatty  acids, 
as  well  as  from  the  fermentation  of  different  organic  acids,  crystallizes  in 
colourless  monoclinometric  prisms  (fig.  12),  ^^ 

and  is  soluble  in  water  and  alcohol.  ^jigjiB  in  ^ff  ^\^    ^% 

It  was  formerly  supposed  to  occur,  as  has    QS^^f  ^^%/\  mm  A 
been  already  mentioned,  only  as  a  patholo-  ^S^^  ^\  ^£i  ^M^ 

gical  constituent  of  the  body,  in  encysted  ^^^  ^^  ^m       sm^ 

tumours  and  dropsical  fluids,  until  demon-       ^  ^^^ ^^^ ^  ^J 
st rated  by  Gorup-Besanez  in  a  number  of  .^^r^     m 

gland-juices,  namely,  those  of  the  spleen, 
thymus,  and  thyroid.     It  has  been,  like- 
wise, met  with  by  Meissner  and  Shepard  in       ^'«-  "-Cnr»tais  of  .uccmic  add 
the  blood  of  phytophagous  mammals,  in  human  urine,  and  that  of  both 
Carnivora  and  vegetable  feeders,  after  fatty  diet  or  the  reception  into  the 
system  of  malic  acid  { Meissner ^  Koch). 
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Carbolic  Acid  or  Phenol,  CfH^O. 
The  sources  of  this  Compound  are  manifold,  as,  for  instance,  the  distil, 
lation  of  many  organic  substances  and  the  oxidation  of  glue,  also,  which 
produces  it  in  traces  only.  It  possesses  poisonous  properties  for  the 
human  body.  It  has  been  obtained  from  human  and  mammalian  urine 
(Staedder),  and  met  with  also  in  the  same  after  reception  into  the 
stomach  of  benzol  (Schtdzen  and  Naunyn), 

Taarylic  Acid  or  Taurol,  CjH^O . 
This  second  compound,  allied  to  the  last,  has  been  obtained  from  the 
same  fluids,  but  not  as  yet  in  a  pure  state  (Staedeler).     It  is,  perhaps^ 
identical  with  kressol  discovered  later. 


G.  Nitrogenous  Animal  Acids. 

§25. 

Although  from  organic  chemistry  we  have  learned  how  to  produce  a 
whole  series  of  nitrogenous  acids  artificiaUy,  in  a  manner  reminding  us  of 
the  alkaloids,  the  number  of  such  compounds  occurring  naturally  in  the 
human  body  is  very  limited,  and  none  of  them  have  up  to  the  preeent 
been  composed  by  art.  They  are  not  found  in  the  vegetable  kingdom  at  all. 
None  of  these  substances  possess  histogenic  properties ;  all  are — and  in 
this  respect  they  resemble  animal  bases — ^mutation  products  of  histogenic 
matters  or  plastic  alimentary  materials.  Owing  to  their  complex  constitu- 
tion they  give  rise,  under  certain  circumstances,  to  chemically  interesting 
mutations.     1£  we  except  two  les&  known  acids  which  are  met  with  in 

muscle  and  sweat,  they  are  either  constituents 
of  the  urine  or  the  bile,  forming  essential 
elements  of  these  secretions. 

Inosinic  Acid,  CjoHj^N^Ou . 

This  is  a  non-crystallizable  acid,  met  with 
in  the  form  of  a  syrupy  fluid,  whose  constitu- 
tion is  not  yet  quite  certain.  It  is  a  constituent 
of  muscle-juice,  and  as  such  probably  a  muta- 
tion product  of  the  fleshy  fibre. 

Hydrotinic  Acid. 

This  is  likewise  a  syrupy  acid,  recognised 
by  Favre  as  a  constituent  of  human  sweat. 


^^^ 


UrioAdd,  C,H,N,0,. 

uiiineformi.  a,a,a,  cryauissach        Ihis  Dioasic  add,  a  derivative  of  ammouia, 

tiJ^fl^rJi^^V^^^    and  of  unknown  constitution,  appears  to  the 

from  hammn  urine;  e,  dmnb-beii    unaided  eye  as  a  white  powdery   or  scaly 

^^  substance.    Under  the  microscope  the  greatest 

variety  in  crystalline  form  may  be  seen  in  uric  acid.     By  the  splitting  up 

of  the  salts  of  uric  acid  we  obtain  rhombic  tables,  or  six-sided  plates 

(fig.  13,  <i,  a,  a)  resembling  cystin.     Precipitited  very  slowly,  uric  acid 

forms  elongated  right-angled  tables,  or  pandlelopipedic  figures,  or  even 

right-angled,  four-sided  prisms  with  straight  ends.     The  latter  are  often 
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gronped  together  in  knots.       Pyramidal  or  barrel-shaped  pieces  may 
also  be  found  among  other  figures  (Schmidt,  Lehmann), 

Uric  acid,  which  has  become  deposited  in  urine  (fig.  13,  h),  is  dis- 
coloured by  the  pigmentary  matters  of  this  fluid,  its  crystals  appearing 
yellow  or  brownish.  The  latter  are  met  with  as  a  rule  either  in  the  so- 
called  "  whetstone  form,"  i.e.,  as  though  they  were  transverse  sections  of 
strongly  biconvex  lenses,  or  in  rhombic  tables  with  blunt  or  rounded 
angles.  Another  very  remarkable  crystalline  form 
is  that  known  as  the  "  dumb-bell"  (c).  This  may  be 
met  with  as  a  natural  product,  or  may  be  produced 
artificially  by  the  decomposition  of  urate  of  potas- 
sium (Funk4i). 

Uric  acid,  whose  acid  properties  are  very  feeble, 
requires  about  14,000  parts  of  cold  and  1800 
parts  of  boiling  water  for  its  solution.  With 
bases  it  forms  salts,  seldom  neutral,  and  as  &  rule 
acid.  Those  of  the  first  kind,  which  contain  two 
atoms  of  base,  are  readily  converted  into  the  latter 
kind  by  the  action  of  carbonic  acid.      They  are,  Fifr.Mr-Acidarateofiodiinn, 

^  r       1    i.-         i.1         xi  «J        li.       •         "'  needle«,  nsoally  Mggn- 

moreover,  easier  of  solution  than  tiie  acid  salts,  in    Rated ;    b  b,   spheroidal 
which  only  one  atom  of  base  exists.      Among  the     ™*^*- 
latter  two  of  the  most  important  alone  need  be  mentioned,  which  are 
very  difficult  of  solution  in  cold  water. 

Acid  Urate  op  Sodium,  CjH,NaNPj. 

This  salt  forms  short, hexagonal  prisms,  or  thick  six-sided  tables.  It 
is  usually  found  under  the  microscope  in  the  form  of  rounded  bunches 
of  crystals  (fig.  14).  It  also  appears  at  times  in  strange  spheroidal 
masses  with  beaded  processes  {h,  b). 

Acid  Uratb  op  Ammonium,  C4H,(NHJN^0,. 

A  compound  crystallizing  in  fine  needles,  usually  combined  to  form 
rounded  tufts,  in  which  the  individual  crystals  are  generally  supposed  to 
be  smaller  than  in  the  preceding  salt  (fig.  15). 

Both  salts,  as  well  as  the  acid  itself,  on  being  evaporated  at  a  moderate 
heat  with  nitric  acid,  leave  behind  a  reddish  residue,  which  assumes  a 
beauteous  rose-red  colour  on  the  addition  of  ammonia, 
and  on  the  subsequent  addition  of  caustic  potash  an    J^  V  ^  ^ 
exquisite  violet  tint.      This  test,  known  as  the  mur-    '     ^         ** 
exide  test,  accurate  for  the  detection  of  uric  acid.  jfl^     *nr    -:*'• 

From  its  numerous  decomposition  products  we  are  ^^m    g-    uJ:p.* 
as  yet  unable  to  gain  any  sure  insight  into  the  true  ^    "^  " 

constitution  of  uric  acid ;  its  being  the  source,  how-  Fig.  is.— Acid  urate  of 
ever,  of  urea,  allantoin,  and  oxalic  acid,  and,  according 
to  Strecker,  of  glycin,  renders  it  of  great  interest,  and  shows  its  import- 
ance. 

Uric  acid,  as  its  name  denotes,  is  a  constant  constituent  of  human  urine. 
It  is  present  in  the  latter,  however,  in  far  smaller  quantity  than  urea, 
amounting  only  to  about  one  per  thousand,  and  combined  with  soda  more- 
over. It  is  also  met  with,  though  in  smaller  proportion  still,  in  the 
urine  of  carnivorous  mammals.  Traces  only  of  it  are  found  in  the  urine 
of  phytophagous  animals.     Its  amount  in  human  urine  appears  to  vary 
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but  little  according  to  the  nature  of  the  food  taken,  but  much  in  certain 
morbid  conditions.  Uric  acid  is  besides  a  constituent  of  blood  (Strahl, 
Lieberkühn,  and  Garrad).  It  is  also  found  in  the  fluids  with  which 
many  organs  are  saturated;  as,  for  instance,  that  of  the  brain  (Müller),  of 
the  kidneys  and  lungs  in  the  ox  (Cloetta);  and  in  man,  of  the  spleen 
(Scherer  and  Gorup-Besanez), 

Uric  acid  is  a  mutation  product  of  azotised  tissue-constituents,  and  as 
such  is  widely  distributed  throughout  the  animal  kingdom.  As  to  its  mode 
of  origin,  we  are  unable  to  point  it  out,  owing  to  our  ignorance  of  the  nature 
of  the  matter  itself.  The  fact,  already  mentioned,  that  the  injection  into 
the  body  of  this  acid  increases  the  amount  of  urea  in  the  urine  { W older  and 
Frerichs),  seems  to  point  it  out  as  the  source  of  the  latter  in  the  system  : 
and  the  purely  chemical  decompositions  of  uric  acid,  also,  which  so  fre- 
quently lead  to  the  formation  of  urea,  appear  likewise  to  confirm  this  view. 

§26. 
Hippuric  Acid,  C9H9NO, . 
Hippuric  acid  is  a  glycin   (see  below),   i,e,,  an  amido-acetic  acid  = 
C.H,NO, 

or      H  >  N, 

(CH.      j 

\  CO,H 
in  which  one  atom  of  the  hydrogen  is  replaced  by  benzoyl  (the  radicle  of 
benzoic  acid),  C-H,CO,  thus — 

CÄCOVN. 
f     CHj 
I  COJI 
This  acid,  which  takes  its  name  from  its  occurrence  in  the  urine  of 

horses,  has  the  primary  crystalline  form 
of  a  vertical  rhombic  prism,  and  sepa- 
rates from  hot  solutions  in  small 
spangles,  or  large  obliquely  streaked 
four-sided  pillars,  which  have  two  end 
surfaces  (fig.  16).  By  slow  evaporation 
from  dilute  solutions,  crystals  (h)  may 
be  obtained  resembling  in  many  respects 
those  of  phosphate  of  magnesium  and 
ammonium,  to  be  described  presently. 

Hippuric,  which  has  much  stronger 
acid  properties  than  uric  acid,  may  be 
dissolved  in  400  parts  of  cold  and  easily 
in  hot  water.  It  is  also  soluble  in 
alcohol,  but  only  slightly  so  in  ether. 
It  forms  with  alkalies  and  alkaline 
earths  crystalline  salts  soluble  in  water. 
As  to  the  numerous  decomposition 
products  of  the  acid  with  which  we  are  engaged,  the  most  characteristic  is 
the  transformation  which  it  undergoes  on  being  heated  with  acids  and 
alkalies  :  it  is  split  up,  namely,  into  benzoic  acid  and  glycin  after  taking 
up  water  (Dessaignea). 


V\K'  16. — Crvfltalllne  forms  of  hlpparle  acfd. 
CI,  a,  prisms;  6,  crystals  formed  by  slow 
«nraporatlon,  and  resembling  those  of  phos- 
phate of  magnesia  and  ammonium. 
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Fig.  17.— Cryttalt  of  benzoic  acid. 


The  same  effect  is  produced  by  animal  ferments  in  the  presence  of 
alkalies  (Büchner). 

Like  the  acids  we  have  just  been  considering,  hippuric  is  nowhere 
found  in  the  vegetable  kingdom.  It  is  doubtful  whether  it  exists  in  the 
blood  of  vegetable-feeding  mammals  and  that  of  man  {Robin  and  Verdeil), 
It  appears  in  human  urine  in  about  the 
same  quantity  as  uric  acid,  though  in 
.larger  amount  in  certain  diseased  sutes 
of  the  system.  The  proportion  of  hip- 
puhc  acid  in  the  urine  of  phytophagous 
animals  is  greater,  as,  for  instance,  in 
that  of  the  horse.  Up  to  the  present 
this  acid  has  not  been  met  with  in  the 
juices  of  the  organism ;  it  has,  however, 
been  found  in  the  scales  of  a  skin  disease 
known  as  ichthyosis. 

It  is  a  fact  of  great  interest,  that  ben- 
zoic, kinic,  and  cinnamic  acids,  oil  of 
bitter  almonds,  and  of  tolu,  introduced  into  the  stomach,  ai-e  excreted  as 
hippuric  acid  through  the  kidneys. 

Hippuric  acid  possesses  the  nature  of  a  decomposition  product  of 
azotised  substances  of  the  body.  The  fact  that  on  the  oxidation  of  pro- 
tein substances  by  permanganate  of  potash,  a  great  quantity  of  benzoic 
acid  is  developed,  is  in  fiävour  of  this  view. 

5  27. 
Ol3roocholio  Acid,  C^e^u^^e  • 

•  This,  which  belongs  to  the  bile,  is  of  analogous  constitution  to  hippuric 
acid,  splitting  up  like  the  latter  into  glycin  and  a  non-nitrogenous  acid, 
known  as  cholic  acid. 

Let  us  consider  this  latter  in  the  first  place : — 

Cholic,  or  chvlaiic  acid  of  Streaker,  C^H^Og,  crystallizes  from  ether 
with  two  equivalents  of  water  of  crystallization  in  rhombic  tables  ;  from 
alcohol  with  five  molecules  of  water  in  tetrahedrons ;  or  more  rarely,  in 
square  octahedrons,  which  effloresce  when  exposed  to  the  air.  This  acid 
is  insoluble  in  water,  but  very  soluble  in  alcohol  and  ether.  With 
sulphuric  acid  and  sugar  it  becomes  of  a  purple-violet  colour.  The  con- 
stitution and  origin  of  cholic  acid  has  not 
been  fixed  as  yet 

Let  us  now  return  to  gbjcocholic  add. 
This  crystallizes  in  very  fine  needles,  which 
may  be  heated  to  130°  C.  without  under- 
going change.     It  is  tolerably  soluble  in 
water,  very  easily  so  in  alcohol  and  alkalies, 
but  insoluble  in  ether.     It  may  also  be 
dissolved  cold,  and  without  decomposition, 
in  many  mineral  acids,  äs,  for  instance,         R^ia— Crysuisofchoiicac;d. 
sulphuric  and  hydrochloric,  but  also  in  acetic  acid.      With  sugar  and 
sulphuric  acid  it  gives  the  reactions  of  cholic  acid.     It  is  monobasic, 
and  forms  partly  crystalline,  partly  amorphous  salts,  soluble  in  spirits 
of  wine. 

On  being  boiled  with  potash  ley  or  baryta  water  it  is  split  up  with 
4 
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absorption  of  water  into  cholic  acid  and  glycin.     Boiled  with  dilute 
mineral  acids,  on  the  other  hand,  it  yields  choloidinic  acid,  C^IL^O^,  and 

glycin. 

Among  its  salts  one  in  particular  must 
he  homo  in  mind,  namely, 

Glycocholatb  of  Sodium,  CjaH^aNO.. 

(Fig.  19)  a  compound  easily  soluhle  in 
water,  which,  precipitated  from  its  solution 
in  alcohol  by  means  of  ether,  crystallizes 
in  large,  brilliant  white  steUate  groups  of 
acicular  crystals. 

This  acid  forms  an  essential  constituent 
Fig.i9.-Cryst.toofgiycochoi.te       of  human,   as  wcU  as  most  manunalian 
ofsodiom.  bile.     It  is  combined  with  sodium,  even 

among  the  vegetable  feeders. 

Taurooholic  Acid,  C,«H44NS07 . 
This  second  acid  is  related  very  nearly,  as  regards  its  chemical  consti- 
tution, with  the  foregoing.      It  splits  up,  however,  into  cholic   acid; 
and  (instead  of  glycin)  taurin,  an  indiiferent  substance,  containing  sulphur, 
and  no  longer  basic.    This  is  the  amide  of  isethionic  acid  or  sulfethylenic 

acid-C.H,  {gN^ 

Taurocbolic  acid,  which  is  very  easily  decomposed,  is  non-crystallizable, 
but  exceeds  the  last  acid  in  its  solubility  in  water  and  stronger  acid 
properties.  It  dissolves  fats,  fatty  acids,  and  cholestearin  with  great 
readiness.  With  sugar  and  sulphuric  acid  it  gives  the  same  reactions 
as  glycoholic  acid.  Its  combinations  with  alkalies  are  very  soluble  in 
alcohol  and  water,  but  insoluble  in  ether.  Eetained  for  a  long  period  in 
contact  with  ether,  they  crystallize.     They  bum  with  a  brilliant  flame. 

As  regards  the  decomposition  products  of  this  acid,  they  are,  as  has 
been  already  mentioned,  analogous  to  those  of  the  foregoing.  On  being 
boiled  with  alkalies  taurocholic  acid  splits  up,  on  the  al«orption  of  water, 
into  cholic  acid  and  taurin ;  while,  with  the  mineral  acids,  choloidinic 
acid  besides  taurin  is  produced,  analogously  to  the  previous  case. 

Combined  with  sodium  taurocholic  acid  forms  the  second  chief  con- 
stituent of  the  bile  of  man  and  numerous  mammals,  namely,  tauro- 
cholate  of  sodium,  C^^jNaNSO^. 

H.  Amides,  Amido-Acids,  and  Org^anic  Bases. 

Under  these  names  we  have  now  to  consider  a  series  of  further  decom- 
position products. 

Urea  or  Carbamide,  CH^NjO,  or  CO  I  ^^ 

Carbamide,  which,  like  all  the  rest  of  the  substances  under  considera- 
tion here,  is  absent  in  the  vegetable  kingdom,  but  which  forms,  on 
the  other  hand,  the  chief  constituent  of  the  urine  of  the  human  body, 
is  of  perfectly  neutral  reaction — corresponding  in  this  respect  with 
kreatin,  glycin,  and  leucin — to  be  referred  to  presently.  It  crystal- 
lises in  long  four-sided  pillars,  terminating  at  either  end  in  two 
facets  (fig.  20).  It  is  quite  soluble  in  water  and  alcohol,  but  not  so 
in  ether. 


ELEMENTS  OF  COMPOSITION. 


41 


Urea   combines  with   oxygen  acids,  forming  salirliko  combinations, 
in    which   one  molecule  of  water  is 
always  present ;  thus  it  is  with  nitric 
and  ozaiic  acid. 

These  two  combinations  are  of  par- 
ticular importance  in  the  recognition 
of  urea,  owing  to  their  characteristic 
crystalline  form. 

Nitrate  of  urea,  CO(NH,)„HNO, 
(fig.  21,  a  a),  crystallizes  in  pearly 
scales  or  glittering  white  leaves,  which 
appear  uader  the  microscope  in  tbe 
form  of  rhombic  or  hexagonal  tables. 

Oxalate  of  urea,  2C0(NH^)^ 
H,C,0^  +  2H20  (fig.  21,6  6,)  appears 
to  the  naked  eye  in  the  form  of  long 
thin  leaves  or  prisms,  found  under 
the  microscope  to  be  made  up  of 
hexagonal  tables  as  a  rule,  but  also  of  four-sided  prisms, 
belong  to  the  monoclinic  system. 

Urea  combines  also  with  metallic  oxides  and  salts,  as,  for  instance, 
with  chloride  of  sodium. 


FlfT*  30. — Crystals  of  urea,  o,  fbur-stdod  pillars ; 
6,  indefliüte  crystals,  such  as  are  usually 
formed  in  alcoholic  solutions. 

Both  salts 


Fig.  21.^-Crystals  of  combinations  of  nrea  with  nitric  and  oxalic  add. 
a  a,  nitrate  of  urea ;  b  6,  oxalate  of  the  same. 

As  regards  its  decomposition,  urea  may  be  artificially  split  up  on 
absorbing  water  into  carbonic  acid  and  ammonia. 

The  same  change  is  brought  about  by  contact  with  animal  matters 
undergoing  putrefaction,  such  as  protein  compounds,  or  mucus,  &c.  It 
is  owing  to  this  fermentation  that  urine  becomes  after  a  time  alkaline 
on  being  exposed  to  the  air. 

Urea  may  be  obtained  from  other  alkaloids,  such  as  kreatin  and 
allantoin,  by  treatment  of  the  latter  with  alkalies ;  further,  by  subjecting 
uric  acid  to  the  action  of  oxidising  acids  and  caustic  potash.  Urea  may 
be  produced  artificially  in  many  ways  besides. 

Carbamide  appears  in  human  urine  as  the  most  important  of  all  its  solid 
constituents.     It  amounts  to  from  about  two  and  a  half  to  three  per  cent. 
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of  the  fluid  excreted,  and  is  c&med  out  of  th©  body  daily  in  con- 
aiderabl©  quantity.  It  is  found  lik«Anse  in  the  blood  in  very  miimtd 
quantity  {JSlrahl  und  Lteberkuhn^  LehinanUj  Vei^deil,  and  DoU/uss\  and 
in  the  cbyle  and  lymph  of  mammals  (Wnrtz),  It  ia  alec  stated,  but 
with  uncertainty,  by  xMiHoUf  to  be  preßten  t  in  the  aqueous  humour  of 
the  eye.  Further,  it  has  been  met  with  in  the  brain  of  the  dog  {Siaed€ler% 
and  in  nonnal  sweaty  according  to  Favre,  Picard,  and  Funke.  Under 
certain  diseased  conditions  it  may  appear  very  widely  distributed  through- 
out the  systtem. 

Ure^  like  all  alHed  substancea,  a  decomposition  product,  and  uiUit» 
owing  to  its  solubility,  to  take  part  in  the  formation  of  tissues — sprtogia» 
as  we  know  by  experience,  from  the  protein  compounds  of  the  system ; 
from  those  albuminous  substances  entering  into  the  constitution  of 
tisfluesj  as  well  as  those  received  into  the  blood  from  the  food,  and  super- 
fluous there.  Thus  the  amount  of  urea  in  the  body  is  increasod  by 
muscular  exertion  and  abundant  fleshy  diet ;  the  introduction  of  many 
alkaloids  into  the  stomach  has  the  same  eflect)  ai^  for  instance,  thein, 
glycln,  alloKantin,  and  guanin.  Jin  ally,  the  injection  of  uric  acid  into 
the  circulation  cansea  an  augmentation  in  the  amount  of  urea  excreted 
with  the  urine  ( Woiuer  and  Freridis). 

In  regard  to  detail,  we  are  still  in  the  dark  as  to  the  formation  of  ui^ea 
in  the  body.  We  do  know  that  it  is  a  decomposition  product  of  the 
protein  compounds,  and  also  that  almost  all  the  nitrogen  which  leaTes 
the  system  passes  out  in  this  way  \  and  yet^  on  the  other  hand,  as  to  the 
chemical  mutation  series  whose  end  factor  m  urea,  we  are  in  possession  of 
but  few  facts.  Tw^o  points,  however,  iimy  be  alluded  to  as  throwing 
some  light  upon  the  origin  of  the  substance  in  question,  namely,  that 
kreatin,  a  mutation  product  of  the  protein  compounds,  splits  up  into 
sarkosin  and  urea  under  the  action  of  alkalies ;  and  again,  urea  may  \m 
obtained  from  guanin,  among  other  substances,  by  treatment  with  oxidi^ 
ing  reagent«  {Strtdcer).  But  in  this  respect  the  presence  of  uric  acid 
ia  probably  of  greater  importance  as  a  source  of  urea  in  the  system — unesa 
being  one  of  the  ugual  decomposition  products  of  the  same,  derived  from 
its  oxidation. 

§29. 

We  turn  now  to  three  suhatances  closely  allied  one  to  the  other,  to 

be  regarded  as  members  of  a  mutation 
aeries  of  histogenic  matters,  and  which 
ll  1  MM II t  possibly  lead  to  the  formation  of  uric 
acid  in  their  further  physiologicaJ 
transformation. 

They  are  compounds  very  insoluble 
in  water,  but  which  dissolve  readily 
in  alkalies  and  acidi^  forming  with 
the  latter  crystalline  salts  which  are 
partly  decom posed  by  water.  All 
three  evaporated  witli  nitric  acid, 
form  yellow  substunt'es  which,  on 
the  flddition  of  potash  witljout  heat, 
a^ftuuiti  a  red  colour,  turtiiug  to  a 
lively    purple    on    the    temperatutv 

iic^ n— CfT^Aii  of  ehitmte  «f  guiinin.        being  raided. 
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Ouanin,  C1H4N4O . 

G  ana  tu,  diicövereil  by  UnffBr  m  guano,  forms  with  hydroehlorie  acid 
Ji  crystaliitio  salt,  met  with  in  obliquely  puinted  tieejles  or  paraliopipedio 
tabic!,«,  LeloügiDg  in  general  to  the  elinorUombie  system  (fig.  22).  Some 
ywars  a^i>  JSin'ckf*r  obtained  xanthin  from  tlio  tmnsformation  of  gitanin. 
Oiianln  is  not  a  constittient  of  urine,  but  is  found  in  the  panereaa, 

H^rpoxanthm  (Sarkm),  C^H^N^O , 

HypoXÄnthin  of  Sf^Jiarfrt  which  is  identical  with  sarkin»  investigated 

ibsequentJf  by  Sire^k'er, 

«leen,  by  eompamon  of     a  *  1***1' 

their    roapective    fürmül«,     ll         ')'J?;***1 
be    nearly    reUted    to       "^AA**     ^ 

aoio,  fts  well  as  to  the 

SQbstanca  we  am  about  to 
allode  to»  namely,  xanthin. 
The  crptalHne  forms  of 
their  nitric  and  hydrocblo- 
lie  acid  mit»  (fig,  23)  are 
characteristic,  espeetaity  the 
ßrit.  Nitrate  of  sarkin, 
on  rapid  it>paration,  forma 
rhomboidal  plates ;  slowly 
d<?posit>ed»  it  is  met  with  in 
tails  of  obliquely  pointed 
ßat  prisnis  or  rhomboidal 
Cl7'»tala.  Evaporated  quiet- 
ly, targe  darkly  striped 
bodies  like  rock  crystal  are 
formell,  besides  smaller 
cucumber-shaped  crystal^. 
The  chlorate  crystallizes 
partly  in  bunches  of  four^iiled  bent  prisms  with  curved  surfaces,  and 
partly  in  coarser,  irregular,  arid  darker 
prisma,  grouped  in  pains  {LeJimafm), 

It  has  been  found  in  human  blood 
in  tli6  diiease  known  as  leucaemia, 
{JScher^r} ;  in  the  blood  of  the  ox  and 
hoT^e ;  in  muscte,  in  the  heart,  in  the 
liver,  apleen,  thymus,  and  thyroid 
glands  (Schererf  Btrecker^  Goni/j-BcS' 
an<^)i  and,  finally,  in  the  kidney  and 
urine, 

Xanthin,  C,H,N,0^. 

Xanlhtn,  which  differs  from  hypo- 
xanthin  in  having  one  mure,  and  from 
uric  actd  one  k^,  atom  of  oxygen, 
forms  a  aalt  with  nitric  acid,  which 
crystalline«  in  bunchea  of  rhombic  tables 
and  prisma.  Chlorate  of  xanthin  oc- 
curs in  glittering,  ftix-sidt*il  tables  (fig,  24). 

Xjiathin  was  formerly  only  known  as  ei  constituent  of  very  rare  urinary 


%' 


Tic*  ^- — CiTitAl'i  ^f  nltnte  of  xuitbla 
(ftbOYC>«  And  chlOT«te  (.Ddowj. 
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calculi ;  it  has,  however,  been  since  found  to  occur  very  extensively,  hut 
in  small  quantities,  in  many  different  organs — ^in  the  brain,  in  glands  and 
muscles,  and  in  the  urine. 

Allantoin,  C«H,N40,. 

This  compound  crystallises  in  glittering,  colourless  prisms,  of  rhombic 
fundamental  form  (fig.  25).  It  is  difficult  of  solution  in  cold,  but  more 
soluble  in  warm  water ;  not  at  all  so  in  ether,  on  the  contrary.  Allantoin 
appears  neutral,  but  combines  with  metallic  oxides!    Through  the  agency 

of  yeastK^ells  it  may  be  split  up 
into  ammoniacal  salts  and  urea. 

Allantoin  may  be  obtained  with 
urea  artificially  on  the  oxidation 
of  uric  acid,  by  boiling  with  super- 
oxide of  lead. 

It  is  a  constituent  of  the  allan- 
toid  ^uid  of  the  embryo,  and  the 
urine  of  young  calves.  According 
to  Frerichs  and  Staedeler,  it  ap- 
pears in  the  urine  of  manmials, 
coincident  with    disturbance    of 

„.    „,    ^ , ,    ,  „  their   respiratory  functions,   but 

whether  m  man    under  similar 
circumstances  has  not  yet  been  decided. 

It  must  be  regarded,  like  the  bases  with  which  it  is  physiologically 
related,  as  a  decomposition  product  of  azotised  substances  in  the  body. 

§30. 

Kreatin,  C^H,NsO,+HjO. 

This  compound,  known  even  before  its  constitution  was  accurately 

ascertained  by  Liebig,  is  of  neutral  reaction.     It  is  soluble,  in  a  minor 

degree,  in  cold,  more  so  in  hot  water,  and  quite  insoluble  in  pure  alcohol 

and  ether.     It  crystallizes  in  ^transparent  rhombic  prisms  ^fig.  26),  loses 

its  water  of  crystallization  at  100''  C,  and  at 
a  higher  temperature  melts  with  decomposi- 
tion. With  acids  kreatin  forms  salts  of  acid 
reaction. 

Some   of  the   decomposition   products   of 
kreatin  are  also  of  importance.     Dissolved  in 
acid  and  heated,  it  is  transformed,  with  the 
loss  of  one  molecule  of  water,  into  a  closely- 
related  substance,  which  also  occurs  naturally 
in   the  body;  this   is   known  as  kreatinin, 
Fig.M.-cry.u...f»«.u.u       C^NA     BoUed  With  baryta  water,  kreat&i 
passes  into  urea,  CH^N^O  (taking  up  a  mole- 
cule of  water),  and  another  base,  not  yet  mot  with  naturally,  known  as 
sarkosin  (methylglycocoll),  C,H^(CHJNO,. 

Kreatin  springs,  according  to  VolJcardy  from  sarkosin  and  cyanamid  — 

C.HAN  I  gH'  +  KC.  NH.-C,HAN  {  cf5lH)NH,. 

This  is  looked  upon  as  mothyluramido-acetic  acid  (methylguanidiu- 
acetic  acid). 
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Kieatin  is  found  (but  only  in  small  amonni)  in  the  juices  of  the  muscles 
of  man,  and  the  vertebrates  generally ;  also  in  the  fluid  saturating  the 
biain  (in  the  dog,  according  to  Staedeler,  together  with  urea),  in  the 
testes  (?),  and  in  the  blood  ( Verdeil  and  Marcet  Voigt),  In  the  urine  it 
is  said  by  Heinz  not  to  exist  primarily,  but  to  be  formed  secondarily 
from  kreatinin. 

Kreatin  may  be  looked  upon  as  a  decomposition  product  of  muscle  and 
the  substance  of  the  brain,  leaving  the  body  through  the  kidneys.  Per- 
haps the  greater  part  of  the  kreatin  which  is  formed  in  the  body  under- 
goes immediate  decomposition,  and  is  one  of  the  sources  of  urea.  This 
seems  probable  when  we  remember  the  mode  in  which  it  is  split  up  by 
boiling  with  baryta  water. 

Kreatinin,  C4HfN,0 . 

This  substance,  nearly  allied  to  kreatin,  crystallizes  in  colourless  oblique 
rhombic  pillars  belonging  to  the  monoklinic  system  (fig.  27).  In  contra- 
distinction to  the  compound  last  men- 
tioned, kreatinin  possesses  strongly  basic 
properties,  and  is  readily  soluble  in  water. 
With  acids  it  combines  to  form  crystal- 
line and  usually  soluble  salts. 

Kreatinin  may  be  obtained  by  treat- 
ing kreatin  with  acids.  A  watery  solu- 
tion of  kreatinin,  on  the  contrary,  be- 
comes again  transformed  into  kreatin. 

Boiled  with  baryta  water,  it  splits  up 
into  ammonia  and  methylhydantoin, 
C^H^jO,.  It  is  now  looked  upon  as 
glykolylmethylguanidin. 

Kreatinin  is  a  constituent  of  the  juices 
of  muscle,  and  appears  in  the  urine; 
here  it  is  present  in  large  quantities, 
and  becomes  transformed,  as  already 
remarked,  into  kreatin.  Verdeil  and  Marcet  state  tliat  they  have  found 
it,  like  the  latter,  in  the  blood. 

§31. 
Leucin,  C,Hii(NH,)09 . 

Leucin,  or  amidoc^pronic  acid,  is  produced  by  the  artificial  decomposi- 
tion of  the  protein  compounds,  gl u tin-yielding  matters  and  elastin,  by 
means  of  acids  or  alkalies.  It  is,  likewise,  met  with  as  a  product  of  the 
putrefaction  of  albuminous  substances,  like  tyrosin,  to  be  alluded  to  pre- 
sently, and  as  such  it  was  discovered  many  years  ago  by  Proust, 

Through  the  investigations  of  Frerichs  and  Siaedeler,  who  showed  it  to 
be  a  physiological  decomposition  product  widely  distributed  throughout 
the  body,  it  has  become  of  much  interest.  Contributions  on  the  same 
point  have  also  been  made  by  Clo'etta  and  VircJiow.  Many  of  these 
statements,  moreover,  are  confirmed  by  Gomp-Be^anez  and  Rudziejewshy, 

Leucin  is  met  with  as  a  crystalline  substance,  partly  (but  only  rarely 
and  when  very  pure)  in  delicate  klinorhombic  plates,  partly  in  spheroidal 
lumps  possessing  a  very  characteristic  appearance.  They  are  either  small 
globules  (a),  or  hemispheres  {p  b),  or  aggregations  of  rounded  masses  (c  c  d)y 


Fig.  27.— Crystals  of  kreatlnlD. 
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and  not  mrely  &  number  of  fi€gm<5üte  of  Bmall  apheres  rest  with  their  flat 
mde  upon  a  larger  globe  (d  ef), 

Leucin  globules  may  be  eitlier  unmarked  (m  which  ease  tbey  slightly 
resemble  fat-glob  ul  es) ,  or  they  may  present  a  con  cent  rieaJly  kminated 
Äppearancö  (g  g  g  g)*  Tbey  are  frequently  met  with  al«o  with  rough 
aarfaceSi  as  tliough  eroded. 

Leucin  has  no  action  upon  vegetable  colours,  is  quite  soluble  iu  water, 
hydrochloric  acid,  and  alkaliee,  and  slightly  bo  in  cold  alcohol,  while  in  'I 
ether  it  m  iniohible.     It  may  he  volatilised   by  a  cautious  elevation  of 
temperature,     Itapidly  hetited,  it  fuses  with  dec om position.     From  ita 
solutions  it  is  not  precipitated  by  most  of  the  usual  reagents. 

In  regard  to  the  occurrenc*?  and  signitlcauce  of  thiÄ  substance  in  the 
human  system,  we  nmst  difitinguish  between  kucin  produced  by  the 
patftfaction  of  Ijistogeaie  sul>stance3,  and  that  formed  physiologically  in 
the  living  body. 

The  latter  appears  often,  but  not  invariably,  a4ieorapanied  by  tyrosin 

as  a  constituent  of  many  organic  fluids  and  gland  juices ,  in  greater  or 

less  quantity.     Undu^r  diseased  conditions  it  is  often  unusually  abundaut 

g^t  in  organs    in    which    trace« 

j^^^.  fl^  £^^  alone  are  to  be  found  duruig 

^^^^k  ^V^  VHf  health,  as  for  ii^taiice  in  the 

^^^^      f^r^^\  ^"^^^  present  iu  the  spleen^.] 

the   pancreas,  an  J   its  secre- 
tions, the  salivary  gl  amis  and 
y^^^        N^ —     j^     J^f     "^^   "         saliva;  in  the  lymphaticglauds, 
f\  ^fc  ^^^^^  O     \^  /^        th«  thymus  and  thyroid  glands, 

i^^T       /7\^^  /%"    Jr^&     *^^   ^'^   ^^^  fluid  saturating 

^^    m   f^  OM^        Qp    i?^h  jfl^     pulmonary   tissue,       Iu    the 

healthy  liver  it  is  not  to  bo  < 
found  r  or  only  so  in  traces,  a»^ 
ia  also  the  case  with  th« 
brain.  Muscle  appears  like- 
wise to  be  destitute  of  leucin, 
though  in  the  heart  it  may 
not  un frequently  be  found  as  a 
pathological  product  It  is  at 
times  present  in  large  amount 
in  the  kidneys,  and  may  pass 
into  the  urine  (Sitteddcr). 
These  facts  am  of  some  physiological  worthy  in  that  they  prove  the 
existence  in  different  orgnna  of  distinct  series  of  mutations  among  their 
histogenic  substances.  Thus,  leuciu  is  no  mutation  product  of  muscle, 
but  of  many  glandular  structures.  There  can  be  no  doubt,  furtlier,  that 
as  artificially,  so  also  in  the  system  naturally ,  does  leucin  spring  from 
protein  compouoda,  gelatin-yielding  substances  and  elastin  ;  its  physio- 
logical origin  from  albuminates  by  the  action  of  one  of  the  ferment« 
existing  in  the  pancreatic  juice  has  also  been  proved  {Kiihm). 

Leucin  is  partially  excreted  with  the  gUiudnlartsecretions,  and  appeaia 
in  the  intestinal  canal,  and  probably  undergoes  further  decomposition 
also  in  the  body.  It  is  a  fact  worthy  of  notice»  that  in  the  lymphatic  and 
blood -vascular  glands,  there  occurs  besides  kucin  ammonia  also,  allowing 
af  the  hypothesis  that  leucin  may  be  resolved  there  into  ammonia  and 


^•^ 


■W^  St«-— Splifrr>]d»kl  mvittUme  ntutet  of  teoela,  a^m  Tfry 

«BiT4H|;«t(.'A  ii/  mmU  0ah\iAvt;  d,  a  Lari^e  globule  tup- 
iwitlnji  twfi  Glaives:  #  /  t  lurfr»  iphLTDid  at  Icurin 
richly  Mtud'i.lpil  Willi  minute  fl^ffi^icnt«;  y  &  if  &,  Ukmtn- 
«led  i;[U»bii3«i  tyf  lendnt  rnxm'.  wtth  ncnnoth,  sumo  with 
RKi^b  turfu«,  and  of  ^ety  vulaiui  liicSr 
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volatile  fatty  acids  (Frerit^  and  Blaedeler) — ^a  change  wliidi  certainly 
takes  place  in  the  lower  part  of  the  intestinal  can&l. 


532. 

TyroBin,  C,HuNQ,. 

Thb  substance  is  also  an  amidchacid,  whose  constitution,  boweyer,  hoB 
not  yut  been  fully  ascertained.  It  iwisesses  weak  basic  properties,  and 
may  be  obtain  od  like  tbe  foregoing,  but  in  mut^h  smaller  amount,  from 
tilt?  artificial  decomposition  of  protein  mattöfs.  Kot,  however,  like  leucin, 
fitjm  thdt  of  elastin  and  gelatin-yielding  substances*  It  is  also  produced 
by  the  puttefacliou  of  protein  eonipouttd«,  and  in  especiall}'  larj^c  quan- 
tity fjToiQ  the  decoiiiposition  of  silkdibrln  and  glue.  Xeratiri  and  animal 
mucus  also  yield  more  ty rosin  by  far  iu  their  decomposition  than  the 
original  protein  matters.  Thns  we  see  it  to  be  associated  chemically  with 
leucin,  and  it  has  been  recently  proved  to  be  a  physiological  companion 
of  the  same  as  a  constituent  both  of  the  normal  and  diseased  body 
{French^  and  Etaetieler)^  Tyroain,  neverthelesa,  is  not  so  eK:teusively 
met  with  m  leucin.  It  crystalli^eg  in  white  silky  needka  {fig.  29,  a) 
which  are  fmjnently  arranged  in  very  delicate^  small,  or  large  groups 
(b  b)*  Wliila  leucin  is  mrij  soluble  in  water,  tyrosin  i»  but  little  ao, 
besides  which  it  ia  insoluble  in  the  pure  state  in  akohol  and  ether.  It 
fuses  with  decomposition  when  healed,  and  combines  in  regular  propor- 
tions with  acids  and  bases.  Warmed  with  concentrated  sulphurie  acid, 
there  is  found  in  it,  beside  other  acids,  a  compound  named  iynmnsulphuriG 
acid^  which,  like  its  salts,  when  inijced  with  chloride  of  iron  assumes  a 
Ijeautiful  violet  coloui  {Firia^s  test). 

This  reaction  with  chloride  of  iron  just  mentioned  resembles  that  of 
the  sailcyle  com  pounds,  although 
its  nattfre  has  not  yet  been  as> 
certain  ed. 

Without  taking  into  account 
the  tyrosin  develo|>ed  in  the 
processes  of  putrefaction  in  the 
body,  we  find  that  it  has  simUai 
physiolugical  sources  to  the  fore* 
gLring  base.  It  is  missed  in  the 
healthy  Itver  like  leucin»  pro- 
bably because  it  undergoes  there 
rapid  transformation  into  other 
com[H»unds,  In  disease^  how* 
ever»  it  appears  in  this  organ, 
Tyrc^sin  which,  as  has  been 
alfeady  mentioned,  springs  in 
smaller  quantities  from  alhu- 
minous  eubi^fances  than  leucin, 
and  lacks  l)esides  the  ph}'siologi* 
cal  sources  of  the  latier  from 
gelatin  and  elastin,  as  well  as  its 
solubility,  is  frequently  missed 
where  lencin  occurs» 


6  t^  >i:n Aller  uid  Jjirger  group«  «Hht  hjhc 


Thus  it  has  been  found  alone  in  no  inconaiderable  amount  in  the 
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spleen  and  tissue  of  the  pancreas,  as  also  in  the  digest  of  albumen  in 
pancreatic  juice. 

The  physiological  significance  of  tyrosin  is  probably  in  general  allied  to 
that  of  leucin. 

§33. 

Glycin,  C,H,(NH,)Üa. 

Glycin  or  glycocoUy  or  also  gltäin  sugar,  which  is  in  reality  amido-acetic 
acid,  has  not  as  yet  been  met  with  free  in  the  system.  It  appears,  how- 
ever, on  the  splitting  up  of  several  animal  acids,  as  hippuric  and  uricy  and 
one  of  the  biliary  acids,  namely  glycocholic.  It  is  also  of  interest  as  an 
artificial  decomposition  product  of  glutin  and  cbondrin.  It  is  obtained 
in  greatest  abundance  by  the  decomposition  of  silk-fibrin  (fibroin),  in 
which  it  is  present  together  with  leucin  and  tyrosin.  It  may  be  artificially 
produced  from  chloracetic  acid  by  the  action  of  ammonia. 

Glycin  crystallizes  in  colourless  rhombic  pillars  belonging  to  the  mono- 
klinometric  system  (fig.  30).  These  crystals  bear  a  heat  of  100®  C.  with- 
out losing  any  water,  but  at  ITS''  C.  they  fuse,  and  are  decomposed. 
Glycin  is  sweet  to  the  taste,  without  alkaline  reaction,  soluble  in  water, 

but  almost  insoluble  in  alcohol  and  ether.     It 

forms  acid  salts  with  acids,  and  can  combine 

with  bases  or  even  salts  themselves.     There 

must  be  some  substance  nearly  related  to  glycin 

formed  in  the  body,  in  all  probability  from 

glutinous  matters  (although  at  present  we  are 

unacquainted  with  it),  which  in  combination 

with  cholic  acid  constitutes  glycocholic  acid, 

^^^^    ^k       r^    ^     and  with  benzoic,  hippuric  acid.     This  sub- 

^^^C-m      \v    ^"^  stance  then  becomes  free  in  the  form  of  glycin 

/  /  ^IS^  upon  the  absorption  of  water,  and  splitting  up 

//  tfi         Q  of  the  two  acids. 

^^    %J  Glycin  leaves  the  body  partly  with  hippuric 

Fig.80.-cryttaisof  Kiycinof        »cid  through  the  kidneys,  and  is  partly  reab- 
differcnt  forms.  sorbcd  into  the  blood  as  a  component  of  glyco- 

cholic acid  as  (shown  by  Bidder  and  Schmidt)  in  order  to  undergo  there 
further  alterations  with  which  we  are  unacquainted. 


D^J" 


,^ 


Oholin,  Neurin,  C,H„NO„  or  CjH^  |  S^cH,^ 


OH. 


Some  years  ago  a  new  base  known  as  cholin  was  met  with  by  Strecker 
(in  but  small  quantities,  however)  in  the  bile  of  oxen  and  swine.  "We 
know  that  by  boiling  lecithin  with  baryta  water  neurin  is  obtained  (§  20), 
a  base  of  strong  alkaline  reaction.  The  identity  of  this  substance  with 
cholin  has  recently  been  established  in  a  very  interesting  way.  Neurin  is 
now  regarded  as  hydrated  oxide  of  trimethyl-oxethyl-ammonium  (Baei/er). 
Finally,  Wurtz  succeeded  in  producing  hydrochlorate  of  neurin  from 
hydrochlorate  of  glycol  and  trimethylamin, 

§34. 

Taurin,  C,H,NSO„  or  C.H^  |  ^^Jj 

This  substance,  containing  as  much  as  25  7  per  cent,  of  sulphur,  was 
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¥\K.  81k— Cryitali  of  tanrla  a,  woO-fbrined  six-sided 
prisms;  b,  irregular  slienMike  masset  from  an  hn- 
pure  solution. 


discovered  long  ago  as  a  constituent  of  the  bile.  It  crystallizes  vrith  the 
fundamental  form  of  a  right  rhombic  prism  (whose  lateral  angles  are 
respectively  111''  and  68*^  16'),  in  colourless  six-aided  prisms,  with  four 
and  six  facets  on  their  extre- 
mities (fig.  31,  a).  From  im- 
pure sohitions  it  separates  in 
irregular  sheaf-like  masses  (6). 

Taurin  has  no  efifect  upon 
vegetable  colours;  it  is  toler- 
ably soluble  in  water,  but  insol- 
uble in  alcohol  and  ether.  The 
great  stability  of  the  substance 
is  remarkable:  even  boiling  in 
mineral  acids  in  which  it  dis- 
solves does  not  decompose  it. 
Taurin  is  not  precipitated  from 
its  solutions  by  tannic  acid  and 
the  metallic  salts.  The  sulphur 
it  contains  was  for  a  long  time 
overlooked ;  it  is  contained  in  it  in  a  different  combination  to  that 
which  exists  in  cystin. 

Taurin  has    recently   been   produced    artificially.      It   is   related   to 

{OH 
^O  H 
Isethionate  of  ammonium,  when  heated  up  to  200^  C,  according  to 
JSUrecker,  yields  taurin,  with  the  loss  of  one  molecule  of  water. 

'^A{iSNH.-'^»-<''-'{fo^H. 

Thus  taurin  is  an  amido-sulfethylenic  acid. 

Kolbe  obtained  it  also  by  the  action  of  ammonia  upon  chlorethyl- 
sulphuric  acid. 

Taurin  may  be  obtained  by  the  splitting  up  of  one  of  the  two  biliary 
acids,  and  contains  all  the  sulphur  of  the  bile.  It  also  becomes  free 
on  the  decomposition  (commencing  in  the  body)  of  this  acid  known  as 
taurocholiCf  and  appears  thus  in  abnormal  as  well  as  putrid  bile,  and  in 
the  lower  portion  of  the  intestinal  canal  {Frerichs),  It  has  been  also 
met  with  by  Cloetta  in  the  juices  of  renal  and  pulmonary  tissue. 
As  obtained  from  the  latter  source,  it  was  formerly  described  by  Verdeil 
as  pulmonic  acid.  The  suprarenal  capsule  contains  it  also  (Ilohn),  though 
the  blood  does  not. 

At  present  we  are  uncertain  as  to  the  origin  of  taurin ;  but  it  has  all 
the  nature  of  a  decomposition  product,  and  there  can  be  hardly  any 
doubt  (from  the  fact  of  its  containing  sulphur)  that  it  is  derived  from 
albuminous  matters,  a  considerable  quantity  of  the  sulphur  of  the  latter 
being  present  in  it. 

In  regard  to  its  farther  changes,  an  observation  has  been  made  by 
Btu:hner  of  great  physiological  interest.  Taurin,  otherwise  so  stable,  splits 
up  by  the  action  of  a  ferment  (namely,  the  mucus  of  the  gall-bladder) 
in  the  presence  of  alkalies,  into  carbonate  of  ammonium,  sulphurous, 
and  acetic  acids.  The  latter  acid,  combined  with  an  alkali,  is  changed 
into  a  carbonate,  and  the  sulphurous  acid  in  combination  with  sodium 
becomes  later  convert<ed  by  oxidation  into  sulphuric  acid,  so  that  in 
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piitnelying  bile  we  meet  with  Na^SO^,  The  ciicumstance  that  most 
of  the  bile  poured  out  into  the  in  tea  tine  is  reahfl  orbed,  as  obaerved  hy 
Bidder  and  Sehmidt^  thus  explama,  at  least  partially,  the  origin  of  the 
sulphates,  which  eventually  leave  the  body  with  the  tiriße. 

<^8tm,  C^HjNSOj. 
*  This  substance  is  remarkable  for  the  large  quantity  of  sulphur  which 
it  oontaiiis^  amounting  to  over  26  "5  per  cent. 

Ä  Cy  itin  d  ry  stall  Lees  i  n  c  o  1  ourl  ess  hexagonal  tahl  ea 

or  prisms  {fig.  32),  and  is  insoluble  in  water, 
alcohol,  and  carbouate  of  ammonium.  It  is,  on 
the  other  hand,  readily  soluble  in  roineral  acida 
and  in  iilkalies,  from  which  it  roay  lie  precipitated  I 
l>y  ort^'anic  acids,  as,  for  instance,  by  acetic  acid, 
Cyslin  enters  into  combination  with  both  acidi 
and  alkalies.  Its  mutation  products  and  consti- 
tution have  not  as  yet  been  ascertained,  nor  do 
we  know  in  what  form  sulphur  is  contained  in  it 
Cystin  is  of  rare  occurrence ;  it  forms  certain  kinds  of  nriuary  calculi, 
and  may  also  appear  as  an  abnormal  eonstitnent  of  urine. 

It  was  once  met  with  in  the  liver  (Scherer) ;  likewise  in  the  tissue  of 
the  kidneys  of  oxen  by  Chitta,  but  not  invariably.  The  physiological 
idatioiis  of  the  substance  are  still  quite  obscure. 

I.  Animal  Colouring-Matters* 

§35. 

The  animal  mlouring-maiicrs^  which  are  not  found  in  tlte  vegetable 
kingdom,  have  their  origin  for  the  moat  part  from  the  natural  pigment  of 
the  blood,  hemoglobin  (§  13).     They  are   met  with  either  as  artificial 
deconi position  proiluctst,  or  occur  in  the  living  body. 
Humatin,  C^Hj^N^FeOj  {Hoppe). 

This  substftDce^  as  already  mentione^l,  may  be  obtained  from  tlie  red 
blood-eorpuscles  or  hfemoglobulin,  but  only  in  a  coagulated  form. 

According  to  Hopi}^  hiematin  usually  presents  iteelf  as  nn  amorphmis 
hlue-blttck  substance,  which  becomes  of  a  reddish-brown  on  b^ing  triturated* 
It  is  insoluble  in  water  and  alcohol,  but  soluble  in  the  latter  if  there  he 
added  to  it  a  certain  small  amouut  of  suljihuric  or  nitric  acid.  It  may 
likewise  he  dissolved  in  a  watery  or  spirituous  solution  of  amnmnia ; 
and  also  in  caustic  alkalies  in  dilute  wat€-ry  or  alcoholic  solution.  Such 
a  fluid  containing  hiematin  Is  freq neatly  changed  to  a  greenish  colour 
by  the  action  of  a  larp;«  amount  of  jiotaah^e^pecially  if  it  he  boiled. 
Ha&raatin,  suspended  in  water,  is  decolorised  by  the  action  of  chlorine 
with  the  formation  of  chloride  of  iron  ;  the  dried  powder  also  becomes 
green  by  contact  with  chlorine  gas.  Dichroism  is  seen  in  alkaiinei  but 
not  acid  sLtlutions  of  hannatin  ;  in  a  thin  layer  they  appear  olive-green, 
in  a  thick  stratum  red  {ISriidce). 

With  the  aiil  of  concentrated  sulphuric  acid,  the  iron  it  contains 
may  be  extracted  from  hiematin,  water  taking  its  place  in  the  com- 
bination (Noppe). 

Hydrochlorate  of  Haemaiin,  Hwrnin,  C^HnN^FeOg .  HCl  (U^pe). 
We  &re  indebted  to  Tekhmann  for  our  acquaintance  with  this  peculiar 
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crystalline  element  of  tlie  Llcniid,     Dried  blood,  treated  with  wanu  "acetic 

acjtl,  even  wh<jn  putr^factioa  htm  already  set  in^  deposils  regularly  inrni- 

inembl©  crystals  of  brown,  dark-bröwn»  or  aJmost  black  colour,   which 

appear  eithi^r  in   the   form  of  rhombic   pillais    (when   they   resenihlo 

hseinAtoidinlj  or  in  needles,  dngle  or  arranged  in  stellate  groups  {lig,  33.) 

The  presence  of  chloriilea  of  lite  alkalie« 

ifl,  as  Telchjimnn  very  properly  remark  a, 

indispensable  for  tho  occurrence  of  lht>5 

crVHtallization,       Haemin     crystals     are 

tolerably  stable,  do  not  decompofia   in 

the  a,ir,  and  are  neither  soluble  in  water, 

aleoholj  etber^  nor  in  acetic  acid.     They 

may  be  dissolved,  however,  in  boiling 

nitric   acid.      Sulphuric    acid   likewbe 

ri.*dui^eö  them  readily  to  solution,  ai  also 

ammonia  and  weak  potaak     The  latter, 

when  concentrated,  changes  the  colour 

of   hs^min   crystals  to   black,    causing 

them  at  the  same  time  to  swell  up.     Theaa  crystals  are  of  the  greatest 

iniportancQ  in  a  forensic  point  of  view,  as  a  means  of  proving  the  presence 

of  small  quantities  of  blood.     Kühne  obtained  them  from  the  colouring 

matter  of  muscle, 

UntU  a  few  years  ago^  the  chemical  constitution  of  hiemin  was  but 
very  imperfectly  known.  We  are  indebte<l  to  Hoppe  for  the  first  aceu- 
rat©  investigations  of  the  subject.  By  him  it  was  produced  from  pur© 
hremoglobin  (see  above),  beside«  which  h©  demonstrated  that  it  might  bo 
again  reconverted  into  ordinary  h@&matin. 

Hiematoidixi,  CuHiaH^O,,  or  Cj^H^N^O^  (?) 

Blood  which  has  left  tho  vessels,  and  is   stagnating  in  the  tissues^ 
undergoes    gradually   farther  changes^   by  which   a  erystalhne  ooloor- 
,  in^matter  is  formed,  nearly  allieil  to  lui  matin,  but  destitute  of  iion. 
This,  which  is  known  as  hmnatüidin^  crys-  ^^ 

talli^es  in  rhombic  prisms  (fig.  31),  but 
also  m  acicular  cryskds  (Robin).  Under 
the  microscope  these  appear  red  with  tnmB- 
nutted  light;  with  reflected,  of  a  catithara- 
dine  green  colour.  Hsematoidin  is  very 
soinble  in  chloroform,  to  which  it  communi- 
catfts  a  golden  yellow  tint,  and  also  in  sul- 
phide of  carbon,  which  acquires  from  its 
presence  a  Hame  colour.  Its  crystals  are 
likewise  dissolved  by  absolute  ether,  but  not 
by  either  absolute  alcohol,  waier^  ammonia^ 
solution  of  soda,  or  dilute  acetic  acid  ;  in 
concentrated  acetic  acid,  however,  they  dis- 
solve when  warmed,  communicating  to  the  fluid  a  golden*ye]low  colour 
(iioimj, 

Siü^&kr  obtained  unusually  large  crystals  of  this  pigment,  measuring 
as  much  as  0'45mm.  fmni  the  ovary  of  the  cow,  by  treatment  with  chloro- 
form or  sulphide  of  carbon  (fig.  35).  They  appear  under  the  micro- 
scope, in  the  first  place,  in  the  form  of  acute-angled  triangulnr  tables  with 
one  convex  side,  a.    This  curved  border,  however,  may  be  repLiced  by 
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two  right  line&f  giving  rise  to 

Wie,  ü^.— V«7'  luTK«  ctyiEoU  of  hnpuLUiiiÜn 
fmin  th«  DT(ir7  of  ■  ^w;  »bt^ini^  by  tv^m- 


deltoid  tables  (d).  Again,  two  euch 
tables  very  frequently  become  fused 
ttigether  by  their  convex  &ides,  or 
overlap  each  other  (^^e).  We  tliea 
have  the  rhombic  tablea  usually 
ai?cnbed  to  hsematoidin  (fig,  34)  ; 
stiil  ßhowing  itidentatious  in  most 
cafiea  at  the  blunt  angle  of  the  rhombs, 
nvhich  gradually  become  obliterated 
(dd).  It  not  un frequently  happens 
that  two  other  crystals  become  aeso- 
ciated  with  the  two  first,  so  that  a 
four-rayed  star  is  produced  (^),  These 
then  give  origin  to  four-aided  tablea 
on  tliQ  filling  up  of  the  indentation  a 
at  their  comers,  and  each  sonietinies 
assumes  eventually  the  appearance  of 
an  oblique  dice,  from  its  having 
gradtially  become  thickened  (fg.) 


I  36, 
ITroerytlirm,  or  ITroliffimatiii, 

In  the  urine  a  very  amall  quantity  of  a  red  colouring  matter  is  to  be ' 
found,  vihich  gives  to  the  iluid  its  yellow  tint,  and  may  colour  the 
sediment  of  the  same  of  a  lively  red*  This  substance  is  very  unstable, 
and  only  obtainahle  with  great  ditBeuitj,  whence  our  imperfect  acquaint^ 
ance  with  its  nature.  The  colouring  matters  of  urine  were  first  investigatetl 
by  Seh^ret\  and  more  recently  by  llarlti/,  I'he  latter  obtained  a  red 
pigment  almost  insoluble  in  watcr^  but  freely  so  in  warm  fresh  nrine, 
giving  to  the  latter  a  yeDow  tint,  and  to  ether  and  alcohol,  in  wldch  it  is 
also  dissolved,  a  beauteous  red  colour.  Harhy  found  this  pigment  to  be 
ferruginous,  and  regards  it  as  a  epecies  of  modifitHl  lucmstin.  Besides 
this,  some  other  pigmentaiy  matters  were  also  met  with  by  him, 

A  red  pigment  has  been  recently  discovered  by  Jaff&  in  the  urine, 
possessed  of  some  spectroscopic  peculiarities  :  it  has  been  named  by  him 
nrohitm^  from  the  fact  of  its  also  occurring  in  bile  and  the  ex  ere  men  ts, 

Bhi^'  and  inokt  colouring  matters,  which  may  occasionally  be  met  with' 
in  human  urine,  appear  in  but  very  small   quantity.      Uuder  certain 
cjreumslaneeö  indigo  has  been  observed  hero  without  having  been  taken 
np  from  without  {Sicherer),  while  in^fikan^  Cj^H^^NOj^,  or  chromogen  of 
indigo  is,  according  to  Hoj}j?e,  constantly  present, 

BIejoIe  Pigment,  or  M^aniiu 

Black  pigment  is  found  in  normal  tissues  in  the  form  of  very  minute 
j*mtvu1es  or  molecules.  It  is  a  substance  remarkable  for  its  inaolubiJity 
and  unchangcableness.  Melanin  is  not  soluble  either  in  wateri  alcohol, 
etiler,  ililutvi  ruineral  aciJs,  or  concentrated  acetic  acid.  It  is  dissolved  in 
warm  potash  solutions,  but  only  after  sc»me  considerable  time.  The  same 
tiikt*s  pliice  in  concentratt^d  nitric  acid,  by  which  the  melanin  is  docom- 
pounded,  however.     Its  ash  contains  iron. 

The  investigations  in  regard  lo  the  constitution  of  melanin  wliich  h&?e 
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hitherto  heen  made,  must  be  received  with  reserve,  for  the  substance  is 
only  to  be  obtained  pure  with  the  greatest  difficulty. 

Melanin,  which  with  hsematin  is  the  only  pigment  in  the  body  to 
which  a  certain  amount  of  histogenic  significance  cannot  be  denied, 
appears,  as  a  rule,  forming  the  contents  of  polygonal  or  stellate  colls.  It 
is  met  with  in  greatest  abundance  in  the  interior  of  the  eye.  The  large 
amount  also  in  which  it  is  met  with  in  some  of  the  lower  vertebrate  animals, 
as  for  instance  in  the  frog,  is  remarkable. 

As  a  pathological  product,  it  (or  something  nearly  allied  to  it)  is  frequently 
met  with  in  great  abundance  in  different  organs,  tumours,  &c. 

The  source  of  melanin  is  usually,  and  probably  correctly,  supposed  to 
be  the  colouring  matter  of  the  blood.     This  view  is  borne  out  by  the 
nature  of  pathological  black  pigments,  whose  origin  from  hsematin  may  - 
in  many  cases  be  accurately  traced. 

We  must  be  6n  our  guard,  however,  not  to  confound  tlie  ordinary  black 
pigment  found  in  the  human  lungs  with  melanin.  This  consists  of 
particles  of  carbon,  charcoal,  dust,  or  lamp-black,  suspended  in  the  air 
which  is  inspired.  It  is  not  met  with  in  the  lungs  of  infants  or  of  wild 
mammalian  animals. 

§  37. 

Biliaxy  Pigments. 

Until  very  recently  but  little  has  been  known  of  the  colouring  matter 
of  the  bile.  It  is  characterised  by  its  reactions  with  nitric  acid.  The 
latter,  if  it  contain  nitrous  acid,  or  if  concentrated  sulphuric  acid  be 
added  to  it,  produces  in  bile  a  peculiar  play  of  colours, — green,  blue,  violet, 
red,  yellow,  following  rapidly  one  upon  the  other. 

Two  kinds  of  pigment  may  be  usually  distinguished  in  bile  :  a  brown, 
known  as  cholepyrrhin  or  biliphmin,  and  a  green  or  hiliverdin. 

According  to  Staedeler's  recent  investigations,  a  whole  series  of  probably 
characteristic  pigments  may  be  obtained  from  bile,  although  it  is  still  a 
question  whether  they  all  exist  in  the  latter  when  perfectly  fresh. 

Bilirubin,  C^^B^^JO^  (or  C,H,N0,1) 

A  red  substance  allied  to  hsematin  and  haematoidin  (but  not  identical 
with  the  latter),  which  may  be  obtained  from  its  solutions  in  chloro- 
form, sulphide  of  carbon,  and  benzol,  in  beautiful 
ruby -red  crystals.  These  {hg,  36),  when  crystal- 
lized from  sulphide  of  carbon,  appear  in  clino- 
rhombic  prisms,  with  a  basal  surface,  whose 
foremost  angle  is  very  sharply  curved,  and  prism 
surface  convex,  so  that  a  view  of  the  basal 
surface  presents  an  elliptical  figure.  Lying  upon 
their  convex  surface  these  crystals  have  a  rhombic 
form. 

Bilirubin  is  insoluble  in  water,  and  nearly  so 
in  ether.  It  is  soluble,  on  the  other  hand,  in 
alkalies  and  in  chloroform,  communicating  to 
the  latter  a  pure  yellow  or  orange-red  colour; 
also   in   sulphide   of*  carbon,   which  is   tinged 

ij  11         V       -4        Ti.  r     aU        ^1.      Fi«.  86.— CrysUls   of   blllnurbln 

golden  yellow  by  it.     It  possesses,  further,  the     ^parated  from  suipwde  of  car- 
properties  of  a  weak  acid,  and  shows  the  play  of     ^°- 
colours  just  mentioned  with  nitric  acid  containing  nitrous  acid  in  the  most 
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marked  degree.     It   is  the  most  essential  colouring  matter  of  bum  an 
bile   and   biliary  calculi,  ami  is  pmbablj  derived  from  hsBmatin ;  it  is 

also  found  in  the  urine  of  persons  sufl'ering  from  jaundice  {ScAwanda), 

BiLtv^RDm,  Ci,jH^,0„  or  {C,H,KO,?) 

Tbls  ]B  a  green  colouring  matter,  which  may,  umier  certain  circumstance», 
be  obtained  in  a  crystalline  fonn.  Its  preaence  in  fr^sh  bile  i^  still 
queBtionabk,  for  it  is  probable  that  it  absorbs  water  and  passes  into 
bitiprastn,  a  coloring  matter,  to  be  presentiy  alluded  to.  The  rmlation- 
ship  to  bilirubin  will  be  easily  understood  from  the  following  fcmnula : — 

C.^„N,0,+  H,0  +  0  =  C„H„N,0, 
Bilirubin.  Kiliverdin. 

BlLlFUSClK,  C^f^B^fi^  , 

A  non-cry 8 tallizable  Compound,  soluble  in  water,  containing  soda  or 
ammonia^  com  muni  eating  to  it  a  brown  colour.  It  is,  to  all  appearances, 
of  subordinate  importance,  and  differs  from  bilirubin  only  in  having  one 
more  molecule  of  H,Ü . 

BiLIFRASIX,  CijH^KaOg- 

A  green  amorphous  pigment,  soluble  in  alkalies  with  a  brown  colour, 
in  eontradistinctton  to  biliverdin,  which,  with  the  former,  produces  a  green 
solution.  The  formula  of  tliis  pigment  corresponds  to  that  of  biliverdin 
+  one  molecule  of  H,0,  It  occurs  in  biliary  calculi  and  jaundiced 
urine, 

BiLiEVUiK,  finally,  is  a  name  given  by  Staedder  to  a  dark  earthy-looking 
suk^tance,  which ^  bowever»  has  not  yet  been  obtained  perfeetly  pure,  ao 
that  its  formula  is  not  known.  It  may  be  obtained  as  the  ultimate 
decomposition  product  of  all  the  four  biliary  pigments  like  melanin. 

EeMAtixa>— It  may  W  wpU  at  this  jimcture  to  bratow  a  few  wotds  npon  the 
extractivt!  matter»,  tToder  thi»  namp  we  und^nitand  in  ^oochetiiistryi  n  set  of  aub- 
«tftnees  which  are  partly  present  in  the  bcxiy  oaturally»  and  are  partly  the  reftult^  of 
chemic«!  manif^ulation.  They  tnatiircst  no  characteristic  peculiariti^  by  which  they 
nmy  be  recognised  r  they  do  not  cTi'staliiJiP,  nor  combine  in  regular  proportiaoa  with 
other  matters,  nor  do  they  rolitilisa  it  definite  temperatures,  Fwm  this  may  be 
perceived  the  ditüeiilty  of  dealing  with  tbesi*  su^i^jtancei,  either  chemically  or  phy«io^ 
locically.  Our  cheiniotil  a eqiiain tauige  with  thern  is  therefore  vtry  incomplete. 
PnyaiologicaUy  they  are  held  to  be  decomposed  materials,  intentiediAte  product«  in 
nmtatlT«  proceaa''^  aUhon^^h  in  reality  there  ia  but  little  proof  that  thi»  ia  the  case* 
f^reml  biaes,  acids,  £e.,  already  alluded  to,  hmr«  recently  been  s«parat^  front  theaa 
compound«»  # 

IL  Cyanogen  Compounds, 
§3B. 

Aj3  a  supplement  to  the  consideration  of  the  azotised  decomposittön 
products  of  the  Fystemj  rytirwffeit,  CN,  and  its  combinations  may  be 
appended  here. 

Snlpho^}jf2m*gen  (rhodan),  CNS.  This  ternary  niilieal,  whoso  com- 
pounds are  remarkable  for  the  beautiful  red  colour  wliich  they  produce 
with  salte  of  iron»  forma  with  H  what  ia  known  aa  hydrosulphocyanie 

iicid      t|  f  ^'     Unlike  other  compounda  of  cyanogen,  thia  ia  genenited  in 

the  human  bo^ly«  and  posseasea  but  alight  poiaonoua  p roper ttesi.     It  occurs 
in  oomhiDation  with  potassium. 
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Sulphocyanide  of  potasfiium  (rhodanide  of  potassium),  j^^   V  S  ,  is  the 

only  cyanogen  compound  met  with  in  the  human  economy,  and  that  in 
extremely  small  quantity.  It  is  a  constituent  of  saliva,  in  which  it  was 
discovered  by  Trevirantts;  its  occurrence  here,  however,  is  not  without 
exception. 

The  origin  and  relations  of  this  compound  are  still  entirely  unknown. 

Sulphocyanide  of  potassium  gains  in  interest,  moreover,  when  we  remem- 
ber that  in  the  physiological  mutation  series  no  other  cyanogen  combina- 
tions make  theii*  appearance. 

L.  Mineral  Constitaents. 

§39. 

The  number  of  mineral  substances  and  inorganic  compounds  occurring 
in  the  human  body  is  not  inconsiderable.  Our  knowledge  of  these,  how- 
ever, is  unfortunately  far  less  perfect  at  present  than  the  nature  of  the 
substances  in  question  might  lead  us  to  expect.  In  respect  to  the  com- 
bination of  inorganic  matters,  we  are — so  far  as  the  question  turns  upon 
their  pre-existence  in  the  various  parts  of  the  body,  or  to  what  extent 
they  must  be  regarded  as  only  produced  by  chemical  manipulation  itself 
— by  no  means  as  clear  as  might  be  desired.  But  greater  obscurity  still 
prevails  in  regard  to  the  physiological  relations  of  some  of  these  substances. 
Granting,  for  instance,  that  no  doubt  can  exist  that  in  water  we  have 
before  us  the  chief  solvent  and  agent  in  saturation  and  gelatinization  of 
the  system,  and  that  phosphate  of  calcium  constitutes  the  most  important 
hardening  medium  of  the  same,  and  so  on,  there  remains  still  a  consider^ 
able  number  of  substances  whose  purposes  in  the  body  we  are  unable  to 
ascertain  with  anything  like  certainty.  It  is  likewise  beyond  our  power 
at  present  to  distinguish  with  precision  between  those  inorganic  com- 
pounds which  occur  as  decomposition  products  in  the  economy,  and  those 
which  possess  histogenic  properties.  Finally,  there  are  in  all  probability 
many  mineral  matters  in  the  system  which  are  only  casual  constituents  of 
the  same,  introduced  with  the  food. 

It  would  lead  us  too  far  to  detail  here  all  the  differences  in  amount 
between  the  ash  constituents  of  the  several  tissues  and  organs  of  the 
body.  The  variation  in  this  respect,  according  to  age,  is  of  such  great 
interest,  however,  that  a  few  points  may  be  noticed  in  regard  to  it. 

While,  in  the  earlier  periods  of  foetal  life,  the  ash  only  amounts  to  1 
per  cent  of  the  whole  weight  of  the  body,  it  rises  later  on  to  2,  and  reaches 
in  mature  mammals  so  high  as  3*5,  4,  or  even  7  per  cent.  In  advanced  age 
it  is  probable  that  this  is  still  further  increased  (Bezold  and  Schlossberger), 

Among  the  inorganic  matters  and  compounds  found  in  the  body,  the 
following  must  be  specially  borne  in  mind  ; — 

(a.)  ÖOÄ«— -oxygen,  nitrogen,  and  carbonic  acid. 

{b.)  Acids — carbonic,  phosphoric,  sulphuric,  hydrochloric,  hydrofluoric, 
and  silicic  These,  with  the  exception  of  the  carbonic  acid,  diffused  through 
fluids,  and  hydrochloric  acid,  found  free  as  a  constituent  of  the  gastric 
juice,  hardly  ever  occur  in  a  free  state  in  the  body,  but  almost  invariably 
combined  with  bases. 

(c.)  Bases — potash,  soda  ammonia,  lime,  magnesia,  oxides  of  iron,  man- 
ganese (and  copper).  Those  usually  appear  as  salts,  and  yet  we  have  free 
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alkalies,  especially  soda,  combined  with  protein  compounds,  and  also  iion, 
in  many  animal  substances,  as,  for  instance,  in  hsemoglobulin  and  me- 
lanin. 

In  regard  to  the  gases  just  mentioned,  they  are  found  either  in  the  cavi- 
ties of  the  body,  or  diffused,  or  chemically  combined  in  its  various  fluids. 


Oxygen  occars  in  the  organic  matters  of  the  animal  body  in  combina- 
tion. It  appears,  however,  also  as  an  element  in  all  the  air  cavities  of  the 
system.  Finally,  it  is  met  with  in  all  the  fluids  of  the  economy.  In  the 
blood  oxygen  is  dissolved  in  very  minute  quantity,  while  the  greater  por- 
tion appears  combined  (though  loosely)  with  the  other  constituents  of  the 
fluid.  We  need  hardly  remark  that  this  element,  from  its  strong  tendency 
to  combine  with  other  substances,  plays  a  most  important  part  in  the 
chemical  and  physiological  life  of  the  organism. 

Nitrogen  Oas,  N, . 

Nitrogen,  as  is  well  known,  occurs  in  combination  in  many  organic 
matters  in  the  body :  it  is  also  met  with,  however,  in  the  air  cavities  of 
the  latter,  and  in  very  small  quantities  dissolved  in  its  various  fluids. 

Carbonic  Acid,  or  Carbonic  Dioxide,  CO, . 

Carbonic  acid  appears  partly  in  combination  (especially  with  inorganic 
bases),  partly  free,  either  as  a  gas,  or  dissolved  in  the  fluids  of  the  body. 
As  a  gas,  carbonic  acid  is  present  in  considerable  quantity  in  the  gases 
expired  from  the  lungs,  and  in  various  cavities  containing  air.  Dissolved, 
it  is  a  constituent  (though  in  variable  amount)  of  all  animal  fluids.  It 
appears  in  abundance  in  the  blood,  moreover,  partly  free  and  partly  com- 
bined. Carbonic  acid,  which  is  introduced  into  the  economy  in  but  small 
amount  from  without,  is  the  most  important  end-product  of  many  chemical 
mutation  series  in  the  body.  It  leaves  the  latter  in  large  quantities 
through  the  lungs,  and  to  a  small  extent  with  the  exhalations  of  the  skin. 

§40. 
Water,  H,0 . 

No  inorganic  compound  is  of  such  great  importance  for  the  existence 
of  the  organism,  or  occurs  throughout  all  its  parts  in  such  abundance,  aa 
water :  without  it  life  is  impossible.  Setting  aside  that  which  occurs  in 
hydrates  and  in  crystals,  water  is  necessary  to  the  organism,  in  the  first 
place,  as  a  solvent  for  many  of  its  constituents.  By  virtue  of  this  property 
it  renders  an  interchange  of  material  possible.  Dissolved  in  water,  the 
alimentary  matters  are  absorbed  into  blood  and  tissues,  and  by  it  effete 
substances  are  carried  out  of  the  body.  In  the  preceding  section  we  have 
already  alluded  to  its  power  of  absorbing  gases. 

The  proportion  of  water  to  the  whole  weight  of  the  body  is  in  general 
very  considerable ;  in  the  higher  animals  at  a  period  of  maturity  it  is,  on 
an  average,  about  70  per  cent,  while  in  embryos  it  is  still  larger,  ranging 
from  87  to  90  per  cent  In  the  infant  and  in  younger  animals  its  amount 
gradually  sinks,  while  that  of  solid  organic  and  mineral  matters  undergoes 
constant  increase  (ScMosaberger,  Bezold).  That  the  proportion  of  water 
in  different  parts  of  the  body  varies  to  an  enormous  extent  is  quite  evident, 
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and  will  be  alluded  to  later  on  more  in  detail  For  the  present  it  need 
only  be  remarked  that,  as  water,  on  the  one  hand,  renders  possible  all 
the  chemical  occurrences  of  the  body  by  virtue  of  its  solvent  power,  so, 
on  the  other  hand,  does  it  communicate  to  each  tissue  its  individual 
stamp,  from  a  physical  or  physiological  point  of  view,  as  an  imbibed  mat- 
ter. Its  amount  in  the  soft,  semi-solid  portions  of  our  body  appears  dis- 
proportionally  large,  but  even  in  the  harder  structures,  such  as  bone,  it 
is  not  inconsiderable. 

Besides  that  which  is  generated  within  the  body  by  Oxydation  from 
the  H  of  organic  substances,  water  is  introduced  into  the  body  with  food, 
both  solid  and  liquid. 

Hydrochloric  Acid,  CIH . 

This  acid  is  only  found  free  in  the  gastric  juice. 

Silicic  Acid  or  Silicon  Dioxide,  SiO, . 

Very  small  quantities  of  silicic  acid,  either  free  or  combined  in  salts, 
have  been  met  with  in  human  blood  {Millon),  saliva,  urine,  bile,  and 
excrement,  as  well  as  in  biliary  and  urinary  calculi,  bones,  and  teeth. 
But  of  all  the  tissues  of  the  human  body,  the  hairs,  according  to  Gorup- 
BesaneZj  contain  most  of  it 

Silicic  acid  is  taken  into  the  body  with  the  food  and  drinking  water, 
and  passes  out  of  the  same,  for  the  most  part,  immediately  through  the 
intestinal  canal,  while  a  portion  of  it  is  absorbed  into  the  blood,  and 
appears  later  in  the  secretions  of  the  various  glands. 

The  physiological  or  anatomical  significance  of  silica  in  the  human 
system  is  not  known. 

§41. 

Calcium  Compounds. 

lime,  CaO,  which  next  to  soda  is  the  most  important  inorganic  base 
of  the  body,  presents  itself  in  many  different  combinations. 

Phosphate  op  Calcium. 

Phosphoric  acid  occurs,  as  is  well  known,  under  various  modifications, 
of  which,  however,  only  the  ordinary  or  tribasic  acid  appears  in  the 
systenL  The  following  are  its  calcium  salts :  (a).  Acid  phosphate  of 
calcium,  as  it  is  called,  CaH^P,Og;  (6),  Keutral  phosphate,  CaHPO^;  and 
(c),  Basic  phosphate,  Ca^jP^Og . 

Baeicy  Ca,P,0^^  and  neutral  CaHPO^,  phosphates  of  calcium. 

The  first  of  these  is  almost  insoluble  in  water,  but  to  a  certain  extent 
soluble  in  that  containing  carbonic  or  organic  acids,  as  also  in  solutions 
of.ammonium  salts,  chloride  of  sodium,  and  of  animal  gelatin.  It  is,  as  we 
have  seen,  the  particular  salt  of  calcium  which  occurs  in  the  bones  and 
teeth,  and  probably  exists  besides  widely  distributed  throughout  the 
animal  body,  while  the  acid  salt  is  present  in  human  urine. 

Phosphate  of  calcium,  which  has  its  origin  in  general  from  the  alimentary 
matters,  appears  in  very  variable  amount  in  all  the  solid  and  fiuid  portions 
of  the  system.  Wherever  it  is  present  in  large  quantities  it  is  the  most 
important  hardening  agent  of  the  latter.  Its  deposits  are  almost  always 
amorphous. 

Phosphate  of  calcium  has  been  shown  to  exist  in  the  blood,  urine,  gastric 
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juicoi  saliva,  eeni^ii,  and  milk,  as  well  us  in  the  juicea  of  organs.  Again, 
it  invariably  accompanies  liistügenic  ^iibstancea,  as  baa  been  already  men- 
tioned, and  appears  witb  tbe  same  in  Uie  tissuea  andfjutdsof  our  body. 
It  is  present  in  bone  in  large  quantities  as  tbe  chief  ponstitueiit  of  the 
hard  material  of  this  tissue  known  as  hooe  earth.  But  in  the  enamel  of 
the  teeth,  the  hardiest  substance  in  the  whole  body,  it  exists  in  still 
greater  quantity. 

Phosphate  of  calcium  must  be  regarded  as  an  indispensable  element  of  the 
tissuea  of  the  body  ;  we  must,  therefore,  ascribe  to  it  liistogenic  propertiea. 

Cabbokate  of  Calcium,  CaCOj , 

This,  like  the  preceding  salt,  occuta  in  the  amorphous  condition  as 
hardening  material  in  bones  and  teeth,  but  ouly  in  small  amount  Be- 
sides this,  it  is  met  with  in  some  of  the  auimal  fluids,  as,  for  instance, 
the  saliva,  and  in  alkaline  urine.  It  ia  alno  found  in  a  crystalline  form 
in  the  intenial  ear  of  man,  constituting  what  are  known  as  otoliths.  It 
ia  met  with  more  frequently  still,  however,  in  this  state,  in  the  bodies  of 
the  lower  vertebrates,  as,  for  instance,  in  frogs^  deposited  tipon  the  mem» 
branes  of  the  brain  and  spinal  cord,  and  a Uo  on  the  anterior  a^^pect  of 
the  spinal  column,  about  the  place  of  exit  of  the  spinal  nerves. 

'otoliths  (fig.  37)  are  small  crystals  of  short,  thick,  columnar  form,  com- 
binations of  rhombohedrons  and  hexagonal  prisms  in  their  fundamental 
ägui^ ;  among  them  may  also  be  found  pure  rliombohedrons,  or  acaleno- 
herons. 

The  question  as  to  what  it  is  that  retains  carbonate  of  calcium  in  solution 
in  the  fluids  of  tho  body,  has  not  yet  been  answered  satisfactorily.  It 
seems  probable,  however,  that  the  carbonic  acid  diffused  through  the  latter 
is  the  real  solvent  for  the  salt,     Any  other  physiological  purposti  besides 

that  of  a  hardening  medium  of  tbe 
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second  class,  has  not  as  yet  been 
recognised  for  carbonate  of  calcium  as 
it  appears  in  the  bodies  of  the  higher 
animals. 

Carbonate  of  calcium  is  partly  taken 
up  OS  such  from  without,  and  is  partly 
formed  m  the  body  by  the  develop- 
ment of  carbonic  acid  as  a  decom- 
position product  (see  above). 

CuLomnis  of  Calcium,  CaCl«, 

Is  of  but  subordinate  significance^ 
n«.!?— OtoÜUiiicoiiaünntofMrboii*l«<^lc*ld„ni.^jj^    1^^    ^    ^^^    l^^^    ^^^    ^q^    ^^ 

tho  gostde  juice  only  {Bmcomioi}. 

FwonwE  OF  CALCirif,  CaFl,, 

Thij  salt  is  found  in  tbe  enaniel  of  the  teeth  and  iu  small  quantities  in 
bone  also ;  traces  of  it  are  also  met  with  in  the  blood,  milk,  and  urine, 
saliva,  and  bile,  and  in  the  hatrs  {NicMe^).  Fluoride  of  calcium  ia^ 
taken  up  from  without  as  such. 

Magnesium  Oompotmdflk 
Ibguesium  appears  under  simtiar  circumstances,  combined  with  phoa- 
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phoric  acid,  like  calcium,  mentioned  in  the  preceding  section.   Its  amount, 
however,  is  everywhere  smaller  than  that  of  calcium. 

Phosphate  op  Magnesium,  Mg,P,Og  +  5H^0,  or  MgHPO^  +  7H,0 . 

We  are  not  yet  ahle  to  state  which  of  these  two  salts  it  is  which  occurs 
in  the  body. — Like  phosphate  of  calcium,  the  corresponding  combination  of 
magnesium  is  met  with  in  all  the  fluids  and  solid  portions  of  the  body. — It 
is  one  of  the  hardeniUg  constituents  of  bones  and  the  teeth,  but  only  in 
a  minor  degree.  The  preponderance  of  phosphate  of  magnesium  over  the 
corresponding  salt  of  calcium  in  muscle  and  the  thymus  gland  (Liebig)  is  of 
interest  It  is  taken  up  as  such  from  without,  and  is  oflered  to  the  body 
in  superabundance  by  a  vegetable  diet,  so  that  the  greater  part  of  all  that 
is  received  into  the  body  passes  through  the  intestinal  canal  unabsorbed. 

Phosphate  of  Magnesiux  and  Ammonium,  MgNH^PO^  +  6H,0. 

During  putrefactive  decomposition,  or  indeed  with  every  generation 
of  ammonia  in  the  system,  the  latter  combines  with  phosphate  of  mag- 
nesium to  form  a  crystalline  salt  known  as  phosphate  of  magnesium  and 
ammonium.     This  salt  (fig.  38)  is  found  in  crystals  of  rhomboid  funda- 


mental form,  and  appears  most  generally  ^a 
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ends  on  one  of  their  edges ;  this  form  is 
known  as  the  "  coffin-lid  crystal."  Further 
varieties  are  produced  by  the  bevelling  of 
two  polar  opposed  angles,  or  finally  of  the 
two  remaining  ones. 

Crystals  of  phosphate  of  magnesium  and     Fig.  38.-cryst«i«  of  photphat«  of  ma«- 

''    .  1.     •*      J»         J   •      ?        1         i.i.  nesium  and  ammonium. 

ammonium  are  to  be  found  m  foecal  matter, 
alkaline  urine,  and  all  putrefying  animal  substances. 

Carbonate  of  Magnesium 

Is  of  very  minor  importance  in  animal  life.     It  is  met  with  in  the  urine 

2C0     ) 
of  the  vegetable  feeders,  probably  as  a  bicarbonate  -km  tt    \0^  also,  per- 
haps, in  bones.     It  is  very  difficult,  namely,  to  determine  whether  it  is 
the  carbonate  or  phosphate  of  magnesium  that  exists  in  the  latter,  however. 

Chloride  of  Magnesium,  MgClj . 
This  salt  is  said  to  be  present  in  the  gastric  juice. 

§43. 

Sodium  Compounds. 

While  the  lime  compounds  appear,  as  a  class,  to  possess  in  part  the 
characters  of  hardening  materials  for  the  animal  body,  those  of  soda  seem 
entirely  devoid  of  these  qualities  as  far  as  we  know.  On  the  other  hand, 
however,  they  appear  to  play  an  important  part  in  the  chemical  occur- 
rences of  the  economy,  although  as  yet  we  have  not  arrived  at  satisfactory 
conclusions  in  regard  to  all  their  purposes.  It  has  been  mentioned  before 
(pp.  16-17)  that  tJoda  is  combined  with  the  protein  substances  of  the  system, 
and  retains  the  latter  in  solution  ;  also  that,  combined  with  the  two  biliary 
acids,  it  forms  the  most  important  constituents  of  the  bile  (pp.  40  and  41). 
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-  Chlobidb  of  Sodium,  KaCl . 

ThlB  salt,  which  ia  soluble  in  water,  never  meets  with  an  opportnmij 
for  crystallization  within  the  body,  but  may  be  found  in  crystals  upon  the 
surface  of  the  latter  under  certain  circumstances.  These  crystals  ffig.  39) 
assume  the  form  of  dice,  frequently  marked  with  step-like  depressions  on 
their  surfaces,  or  may  be  met  with  in  the  form  of  square  prisms.  Mixed 
with  urea  this  salt  crystallizes  in  the  form  of  octahedrons,  or,  according 
to  G.  ScJimidt,  in  tetrahedrons  also. 

Chloride  of  sodium,  or  common  salt,  is  to  be  found-  in  all  animal  fluids, 
and  in  all  the  solid  parts  of  the  body.  Its  amount  in  the  juices  is  variable, 
but  seldom  exceeds  0*5  per  cent.  The  fluid  which  saturates  muscle  is 
poorer  than  any  in  chloride  of  sodium.  We  see  also,  on  the  other  hand, 
that  though  the  animal  juices  may  be  at  one  time  supplied  with  a  larger 
quantity  of  the  salt  than  at  another,  still  the  proportion  in  each  fluid  is 
tolerably  constant,  the  surplus  passing  rapidly  out  of  the  body  with  the 
urine.   The  quantity  of  the  substance  in  question  is  not  less  variable  in  the 

solid  portions  of  the  system ;  the  blood- 
cells  are  extremely  poor,  while  cartilage 
is  rich  in  it.  An  extremely  interesting 
fact  has  been  pointed  out  by  Bidder  and 
Schmidt,  namely,  that  starving  animals 
very  soon  cease  to  void  chloride  of  sodium 
in  their  urine, — an  indication  that  it  is 
retained  by  the  tissues  and  juices  in  th& 
most  determined  manner  as  an  indispens- 
able ingredient  in  their  composition. 
Some  of  the  discoveries  of  pathology, 
also,  bear  out  this  conclusion,  showing, 
as  they  do,  that  during  the  rapid  forma- 
tion of  cells  in  exudations,  the  excretion 
Fig.  3».— Different  en^iiine  forma  of  of  Salt  with  the  urine  almost  ceases,  and 
™'  that  an  extraordinary  amount  of  chloride 

of  sodium  is  required  for  the  plastic  process  {Heller,  Redtenhadier).  The 
experiences  we  have  gathered  from  observation  of  domestic  animals  may 
also  be  alluded  to  here.  In  them  the  eflect  of  a  greater  admixture  of  the 
salt  in  question  with  their  food  may  be  seen  in  the  way  it  favours  the 
whole  process  of  assimilation  (BoussingauU), 

All  these  facts  seem  to  point  to  the  conclusion,  that  chloride  of  sodium 
must  be  regarded  as  possessing  the  nature  not  only  of  an  aliment,  but  also 
of  a  histogenic  ingredient  of  animal  tissue.  ]3ut  as  to  all  the  purposes 
in  detail  for  which  it  exists  in  the  body,  we  still  possess  but  a  scanty 
knowledge  of  them. 

Carbonate  of  Sodium,  Ka,CO,,  and  NaHCO, . 

Carbonate  of  sodium  (the  simple  as  well  as  the  bicarbonate)  appears  very 
often  in  the  products  of  the  incineration  of  animal  matters.  It  cannot 
be  regarded  as  anything  more  than  a  calcination  product  in  this  case. 

It  is,  however,  present  in  several  alkaline  fluids,  as,  for  instance,  in 
blood,  lymph,  and  the  urine  of  vegetable  feeders.  In  the  blood  it  is  the 
bearer  of  carbonic  acid,  and  elsewhere  the  solvent  for  different  protein 
substances 
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Phosphate  op  Sodium,  Ka^HPO^,  and  NaH,PO^. 

Like  potassium,  to  be  alluded  to  presently,  sodium  forms  three  combina- 
tions with  phosphoric  acid,  namely,  basic  phosphate  of  sodium,  Na^O^ ; 
neutral  phosphate  of  sodium,  with  two  atoms  of  base,  Na^HPO^;  and  an 
acid  salt  with  one  atom  of  base  KaH^04.  The  first  of  these  probably 
does  not  occur  in  the  system,  so  that  we  have  only  to  deal  with  the  two 
last.     Of  these  the  neutral  salt  is  the  most  common. 

Phosphate  of  sodium  is  widely  met  with  throughout  the  body.  It  has 
been  found  in  the  blood,  the  milk,  the  bile,  the  urine,  and  in  the  tissues. 
It  is,  perhaps,  the  bearer  of  the  carbonic  acid  of  respiration,  and  is,  pro- 
bably, the  solvent  for  many  matters,  as,  for  instance,  casein  and  uric  acid. 
It  probably  plays  an  important  part,  also,  in  the  formation  of  tissues, 
which  is  not  yet  fully  understood. 

Sulphate  op  Sodium,  Na^SO^ . 

Like  the  sulphates  of  the  alkalies  generally,  this  salt  is  found  in  animal 
fluids,  especially  in  urine,  and  in  the  excrements.  In  some  of  the  most 
important  secretions,  however,  it  is  not  met  with,  as,  for  instance,  in  the 
gastric  juice,  the  bile,  and  the  milk.  Like  other  sulphates,  it  cannot  be 
said  to  possess  any  histogenic  properties,  but  rather  those  of  a  decomposi- 
tion product,  the  sulphur  of  the  protein  compounds  and  allied  substances, 
forming  sulphuric  acid  by  oxidation,  and  displacing  the  carbonic  acid  of 
the  soda  salt 

In  confirmation  of  what  we  have  just  stated,  the  facts  may  be  adduced — 
first»  that  sulphates  introduced  into  the  body  are  rapidly  excreted,  and 
on  the  other  hand,  that  after  an  abundant  fleshy  diet  their  amount  in  the 
urine  increases  (Lehmann);  secondly,  that  the  sulphur  of  taurin,  as 
already  mentioned  (see  above,  p.  49),  is  set  free  under  ihe  action  of 
ferments  in  the  form  of  sulphurous  acid  which  becomes  subsequently  con- 
verted into  sulphuric  acid  by  oxidation  (Büchner). 

§44. 

Potassium  Compounds. 

These  are  of  subordinate  importance  in  the  human  economy,  which 
fact  may  to  a  certain  extent  depend  upon  the  nature  of  our  food.  Among 
the  vegetable  feeders,  however,  the  serum  of  the  blood  still  shows  a  pre- 
ponderance of  soda  salts,  and  soda  is  also  the  base  in  their  bile.  But  in 
many  other  portions  of  the  system  we  find  the  most  remarkable  prepon- 
derance of  potassium  salts  over  those  of  sodium. 

Chloride  op  Potassium,  KCl . 

This  compound  is  found  together  with  common  salt  in  animal  fluids;  in 
smaller  quantity  in  man  than  in  phytophagous  animals.  Its  amount  in 
the  blood  cells  is  however  large  (C.  Schmidt),  and  in  the  juice  of  muscle 
it  replaces  chloride  of  sodium  (Liebig), 

Carbonate  op  Potassium,  K,COj. 

Probably  occurs  with  carbonate  of  sodium  in  some  of  the  animal  fluids, 
and  in  the  urine  of  vegetable  feeders  in  all  probability  as  bicarbonate, 
KHCO,. 

Phosphate  of  Potassium,  KH,P0^,  or  K^HPO^ . 

It  18  not  yet  decided  in  what  form  of  combination  with  potassium  ordi- 
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nary  phosphoric  acid  occurs  in  the  hody,  whether  as  an  acid  salt  with  one 
atom  of  base  and  two'  molecules  of  water,  or  a  neutral  as  it  is  called,  in 
which  two  atoms  of  base  go  to  one  molecule  of  water.  The  salt  is  met 
with  in  the  juice  of  muscle  (Liebig), 

Sulphate  of  Potassium,  K,S0^. 
Appears  in  the  body,  probably,  with  the  corresponding  salt  of  sodium 
and  under  similar  circumstances. 

Ammonium  Salts. 

The  physiological  processes  of  the  body  are  attended  by  but  a  compara- 
tively small  development  of  ammonia,  so  that  in  this  respect  they  may  be 
said  to  offer  a  contrast  to  putrefactive  decomposition.  The  combinations 
of  ammonium  in  the  body  are  probably  of  various  kinds;  for  the  present, 
however,  we  are  unable  to  enter  into  them  very  fully. 

Chloride  of  Ammonium,  NH^Cl . 
It  is  still  an  undecided  question  how  far  this  or  the  carbonate  appear 
in  the  economy. 

Carbonate  of  Ammonium. 

Is  found  in  expired  air,  in  decomposed  urine,  iu  blood,  in  the  lymphatic 

glands  and  blood-vascular  glands.     The  combinations  which  are  here  met 

2C0  ) 
with  are  the  sesquicarbonate  /^^tt  \  tt  >  04,  and  bicarbonate  NH^.HCO,. 

Iron,  Fe,  and  its  Salts. 

This  metal  is  extensively  distributed  throughout  the  body,  and  occurs 
probably  in  all  its  parts.  It  is  met  with  in  various  forms  also,  being  sup- 
plied to  the  system  in  great  abundance  with  the  food. 

In  some  way  not  very  fully  understood  at  present,  iron  enters  into  the 
composition  of  the  most  important  of  all  animal  colouring  matterat-hsemo- 
globin  (p.  18).     Uroerj'thrin  and  melanin  also  contain  iron  (p.  52). 

Pbotochloride  of  Iron,  FeClj. 

This  salt  is  said  by  Braconnot  to  be  present  in  the  gastric  juice  of 
dogs. 

Phosphate  of  Iron,  Fe^^Og . 

Another  compound  of  iron  generally  accepted,  though  perhaps  on  in- 
sufficient grounds,  as  occurring  in  the  living  body. 

In  regard  to  the  presence  of  iron  one  thing  is  certain,  namely,  that  all 
portions  of  the  body  supplied  with  blood  must  contain  it  It  has  also 
been  found  in  chyle,  lymph,  urine,  sweat,  bile,  and  milk,  and  finally  in 
hair,  cartilage,  and  other  solid  tissues. 

Manganese,  Mn. 

This  metal  is  introduced  into  the  system  in  company  with  iron,  and  is 
met  with  here  in  minute  quantity.  It  seems  to  be  merely  an  accidental 
constituent.     It  is  found  in  hair,  and  in  biliary  and  urinary  calculi. 

Copper,  Cu. 

Copper  has  been  noticed  in  the  blood,  bile,  and  biliary  calculi  of  man. 
It  is  excreted  by  the  liver. 
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A.  The  Cell. 


§45. 

Thobb  anatomists  of  recent  times  who  seek  with  the  assistance  of  oar 
improved  microscopes  an  insight  into  the  minute  structure  of  the  human 
and  animal  body,  have  all  arrived  at  this  conclusion,  however  widely 
their  other  scientific  views  may  differ,  that  **  the  cell,"  cellula,  is  the  most 
important  of  all  the  structural  or  form-elements  of  the  system.  This  fact, 
although  surmised  by  earlier  observers,  who  recognised  the  structure  in 
question  under  the  name  of  "vesicle,"  was  first  firmly  established  by 
/Schwann,  Following  up  SMeiden^s  discoveries  in  vegetable  anatomy,  ho 
showed  the  cell  to  be  the  starting-point,  in  the  broadest  meaning  of  the 
term,  of  the  animal  body  (see  above,  p.  4).  This  is  the  greatest  discovery 
ever  made  by  the  aid  of  the  microscope. 

Present-day  investigation  tends  more  and  more  to  confirm  the  correct- 
ness of  this  proposition  of  Schwann,  that  the  cell  alone,  and  by  itself, 
must  1)0  regaixied  as  the  primordial  structural  clement  of  our  frame,  and 
that  all  the  various  other  elementary  parts  to  be  found  in  the  mature  body 
are  originally  derived  from  the  cell. 

The  first  point,  then,  to  be  attended  to  here  is,  to  obtain  a  correct  im- 
pression of  what  is  meant  by  a  ''cell,"  and  what  by  a  ''structural 
element." 

By  "form  constituents,"  "form  elements,"  "elementary  parts,"  or 
"  structural  elements,"  we  do  not  by  any  means  understand  (as  might  be 
incorrectly  inferred  from  the  terms)  the  smallest  particles  of  the  body  re- 
cognisable by  the  microscope  in  the  shape  of  granules,  vesicles,  or  crystals. 
A  form-element  is  rather  the  last,  or— contemplating  the  subject  from 
another  point  of  view,  the  first — anatomical  unit :  a  combination  of  the 
most  minute  particles  to  form  the  smallest  organic  apparatus.  Struc- 
tural elements  are  the  first  representatives 
of  organic  activity;  they  are,  consequently, 
physiological  as  well  as  anatomical  units  ; 
they  are  "  living  THiNoa" 

But  what  is  the  cell?  This  question 
cannot  be  answered  in  a  word,  but  re- 
quires to  be  met  with  a  somewhat  detailed 

rr*t   m'   /r*        ja\    •  •      11         Tig.  40.— Two  cclls  of  FOund  or  oval  forni. 

liie   ceil    (ng.  40)    is   a  microscopically  aa,  border  or  the  ceU;  66,  ceU  body; 

small,  primarily  spheroidal  body,  which       ccnuciciwithnucieoii.dct 

often  assumes,  however,  other  forms,  and  which  consists  of  a  soft  mass 
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includlng  withm  It  a  peeuliar  structure.  These  parts  requiiB  epecül 
names.  The  soft  substance  mentioned  is  known  as  the  ceU-^ub§tance  or 
cdl-bodt/  (h  b}t  the  central  structure  enclosed  within  it  aa  the  nucleus 
{e  €)t  and  a  minute  dot-like  particle  situated  within  the  latter  again  as  the 
nmftntlu«  (d  tf). 

The  external  boundary  of  the  cell  (a  a)  is  in  certain  cases  formed  by 
the  fioft  mass  alluded  to,  or  more  frequently  by  a  somewhat  hardened 
stratum,  the  m^nhping  or  cortical  layer^  op,  finally,  by  a  distinct  indepeü- 
dent  pellicle  separable  from  the  cell-body ^  and  known  as  the  eeil-mem- 
bran&. 

In  regard  to  the  latter,  the  views  entertaint^d  respecting  the  animal  ceU 
have  latterly  undergone  considerable  change  through  the  results  of  recent 
investigation.  The  presence  of  a  special  inenibrane  was  formerly  con- 
sidered necessary  (Schtcaan)  to  the  conceptioa  of  a  true  cell  j  but  tlie 
frequent  absence  of  this  envelop©  and  its  relatively  small  physiological 
signiftcance  has  bee  a  since  recognised  (Schul f;:^,  Bjiicke^  Beale), 

But  although  its  anatomical  characters  offer  us  the  Erst  and  mt^% 
important  pomU  in  the  dehnition  of  the  cell*  it«  physiological  prr>i:*erties 
cannot  be  overhxiked.  By  those  the  cell  is  constituted  a  living  strneturo, 
endowed  with  special  eae^es  and  the  pecul iari ties jof  active  vitality;  with 
the  power  of  absorption  of  matter,  of  trans  forming  the  same,  and  of  excre- 
tion ;  with  the  capability  of  growth,  of  change  of  form^  and  of  cohesion  OF 
fusion  with  similar  organisniB.  The  cell  possesses  further^  undeniably — 
altbougli  there  may  bo  a  variety  of  opinion  as  regards  the  extent  of  these 
powers  in  individual  cases — the  capahüity  of  vital  motion,  as  well  as  of 
proliferation,  or  the  generation  of  a  progeny.  The  cell,  w©  repeat  it,  is 
the  earliest  physiological  unit,  the  first  physiological  ajiparatus  :  it  has 
been  called  an  **  elementary  organieni  **  with  propriety. 

One  of  the  most  importarit  facts  eetabliBhed  by  recent  scientific 
itLVeBtigation  is^  th^t  that  mass  from  which  the  bodies  of  all  the  higher 
auinud:^  take  their  origin,  namely,  the  ovum,  has  entirely  the  nature  of  a 
oell,  so  that,  consequently,  each  such  animal  body,  he  it  ever  so  complex 
in  constitution»  once  consisted  of  one  single  cell.  White  in  this  respite t 
the  latter  must  be  regarded  as  the  sUirting- point  of  animal  jife^  naturalists 
again  have  hroughl  u»  light  creatures  of  such  simple  organisation  that 
their  whole  body  18  formed  of  nothing  more  than  one  independent  cell,  and 
whose  whole  existenee  is  included  within  the  narrow  circle  of  cclbactivity* 
Among  such  may  he  reckoned  those  animals  known  as  gregarines* 
Finally»  shigle-celled  plants  have  been  discovered  by  botanists,  as  single- 
celled  animals  by  anatomists:  and  even  still  more  rudimentary  organisms 
have  been  met  witlu 

R£ifAitKB,^^om|>ftre  the  work  of  this  author,  ^'MikroscopiBche  ÜDtemuchuagi'it 
Über  diti  UbereiiiHtimmang  in  der  Struktur  und  dem  Wichstlium  der  TMi?r<}  uttd 
Pfl«iiMn  ■"  ilUo  L.  Beide,  **Tli«  Stmcltire  of  ihe  Simple  Ti^euea  öf  the  HufniD  Bady," 
Load^  1861.  Hut  iA  the  cell  the  simplest  **  elementary  or^nniRm/'  i.<?.,  lb«  sirapfrat 
itructure  which  cnn  mc^t  all  thft  rwjuirements  of  the  Iimest  gmUe  of  lifu  t  i'hi» 
cjmeatioa  miy  ha  negutivfitL  An  excellütit  tilj9erv<?r»  E.  BäckrJ  tüenttrplle  Morphologie, 
fknd  ],  e/ 269i  Berlin,  1S36  ;  nnd  Bioiogjsdie  Btudicn,  HeK  1,  &,  77,  l^ipsig, 
1870),  ha.a  £hown  tbal  a  particle  of  protojilaam^  or  '*  crytotJe/'  lui  be  t«rms  it|  vulüi'oi 
for  this«  ll  h  only  subsequeotl}-,  after  the  Keaenitian  of  u  tiiit^leu»  that  the  whob 
b«cotnt^  a  cell.  It  la,  neverth^Je^s^  a  deeply  signilkaul  tstctt  that  the  building 
■toae»  of  the  bodies  of  higher  «uiiiPnU  are  ii«:rer  rt|)rt^<ä«DteU  hj  *^cy£odea,"  bui 
&lw4yi  by  cello. 


SLBMKNT8  OF  STBUCTUBE.  66 

§46. 

Tuming  now  to  the  more  detailed  analysis  of  cells,  the  first  point  to  be 
borne  in  mind  is,  that  the  latter,  in  the  earlier  portions  of  their  existence, 
manifest  a  certain  amount  of  uniformity,  wheüier  as  the  cells  of  young 
embryos  or  those  of  later  life.  Again,  that  in  the  coarse  of  further 
development  they  may  assume,  as  mature  and  senescent  structures,  the 
most  diverse  shapes,  as  well  as  acquire  an  entirely  different  body,  so  that 
they  not  unfrequently  take  on  an  appearance  which  may  remove  them 
very  far,  nay,  even  so  far  as  to  be  unrecognisable  from'  the  plan  of  a  cell^ 
given  in  the  foregoing  section. 

1.  Directing  our  attention,  then,  in  the  first  place,  to  the  size  of  cells,  we 
find  them,  in  the  human  body  as  well  as  almost  everywhere  in  the  animal 
kingdom,  to  be  within  microscopic  measurement.  The  smallest,  such  as 
we  find,  for  instance,  among  the  blood-corpuscles,  have  a  diameter  of  only 
0*006-0*007  mm.  (millimeters),  while  the  largest  typical  cell  of  our  body, 
namely,  the  ovum,  may  attain  a  breadth  of  more  than  0*23  mm.  Between 
these  extremes  the  greater  number  of  cells  range  in  diameter  from  0*01 1 
to  0023  mm.  Those  of  0*07-0-l  15  mm.,  such  as  occur,  for  instance,  in  fat 
and  nerve  tissue^  must  be  looked  upon  as  very  large.  Thus  we  observe 
that  the  most  important  structural  element  of  our  body  is  of  remarkable 
minuteness,  as  usually  met  with. 

2.  If  we  next  turn  to  the  shape  of  the  cell,  we  are  struck  hkewise  with 
its  extreme  variability.  The  fundamental  form  (fig.  40)  is,  however, 
»pherical  or  spheroidal. 

From  this  primvy  form  two  others,  easily  derived,  are  produced  by 
compression  and  flattening  in  two  opposite  directions;  these  are  the 
flattened  and  the  tall  narrow  cell. 

Flattened  cells  springing  from  the  spherical  primary  form  by  compres- 
sion are  met  with,  in  the  first  place  (fig.  41),  as  disks,  such  as  may  be 
seen  in  human  and  mammalian  blood-corpuscles ;  or  they  may  become, 
by  a  further  increase  of  superficial  extent,  flat  or  scaly  structures  (fig.  42) 
such  as  those,  for  instance,  of  the  epithelium  of  many  parts  of  the  body. 


Fl|r.  41  —  DUkoid  cells  of  human  Fig.  43.^Fliittenoil  scalj  epithelium  ceDs 

blood,  o,  a,  a.    At  6,  half  tide  '  from  the  human  mouth. 

▼lew;  dote  by  at  d;  colonrleas 
oorpoade. 

That  there  may  exist  every  gradation  between  flattened  cells  and  the 
spheroidal  species  appears  self-evident,  and  needs  no  farther  comment. 

If  the  elements  in  question  undergo,  on  the  other  hand,  lateral  com- 
pression, the  resulting  form  may  be  either  more  or  less  cylindrical  or 
conical,  and  the  tall  narroio  cell  is  produced  (fig.  43).  We  sliall  see  later 
on,  in  our  consideration  of  the  several  tissues,  that  many  modifications  of 
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this  Ogiite  may  appear.  The  fim/jmn  ceU  may  he  regarded  as  one  Oi 
these ;  besidea  being  narrowed,  it  is  finod  off  at  either  end  to  a  point 
(fig.  44), 

Tbe  fusiform  cell  usually  gives  off  at  either  end  a  thread-like  process  ; 
but  such  filaments  may  occur  in  greater  number  in  many  animal  cells, 
and  on  their  part  undergo  further  ram  iß  cation.  It  is  in  this  way  that 
the  dell(ih  tfiU  {fig,  45)  is  produced — one  of  the  most  remarkable  fonaÄ 
in  wliioh  the  structure  in  question  can  meet  the  eye. 


«  0'« 


cell«,    HI    fDuncl    in 
vhiit  li   krown  *», 


Pl^  44.— FiiBUhnn  ccDi 
from  Imntatui«  ton- 


from  4   JymphAtftQ 
eloiiiL 


3.  But  far  more  important  than  either  shape  or  size  is  the  substance  of 
the  cell-body :  in  this  the  greatest  variety  is  observed. 

Let  ust  take  in  the  first  place,  young  cells  (fig.  46) :  here  we  perceive 
that  the  body  is  made  up  of  a  more  or  less  soft,  usually  viscid  and  slimy 
mass,  containing  in  a  transparent  cementing  medium  a  variable  amount 
of  albuminous  and  tatty  granules  (a-^).  This  primordial  cell  siibstance 
is  known  at  tho  present  day  by  the  name  protoplasm  {Remak  and 
iichuUze)  borrowed  from  botany.  It  has  also  receivetl  from  Beah, 
KoeMiker^  and  Dftjardiu  respectively,  the  names  Moplmm^  cytitplfMrn^ 
and  farcode^  The  chemical  peculiarities  of  this  proto- 
plasm have  l>een  already  referred  to  in  §  13,  and  Wö 
shall  be  obliged  presently  to  enter  somewhat  minutely 
upon  the  consideration  of  its  vital  properties.  It  will 
suflice  to  remark  here,  that  it  consists  of  an  extremely 
unstable  albuminous  compound,  insohtble  in  water,  but 
which  becomes  gelatinous  (or  in  some  instances  shrinks) 
on  imbibition  of  the  lattiir :  it  coagulates  further  at  a 
low  temperature  and  at  death;  so  that  only  by  the  most 
careful  manipulation  can  it  be  examined  in  a  normal 
condition  under  the  microscope» 

The  amount  of  this  protoplasm  with  which  the  nucleus 
is  enveloped  is  very  variable,  and  consequently  the  sijeo 
and  gene  ml  appearance  of  cells.  Our  woodcut  repre- 
sents from  a  to  d  elements  with  a  medium  amount  of 
this  substance;  e,  a  larger  proportion*  Other  cells  are 
observed  to  possess  but  a  very  aniall  qimntity  of  pro- 
toplasm, as/  and  f7^  without  having  lost  the  capability, 
however,  of  incroasing  in  substiince  aud  subsequently 
fulfilling  all  the  purposes  for  which  cells  in  general  are 
designed.  As  far  as  we  know  at  present,  a  cell  can  never  again  b^ 
formed  from  a  nucleus  which  has  quite  lost  its  protoplasm. 

But  if  we  turn  now  to  mature  or  senescent  eel  Is»  we  freqnently  Hud 
that  the  protoplasm   of  an  eoxlier  perioil  of  existence  is  replaced  by 
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matters  of  completely  different  characters;  thus  the  body  of  the  blood- 
corpuscle  is  found  to  be  made  up  of  a  transparent  yellow  gelatinous  sub- 
stance (fig.  47);  in  old  scaly  cells  also,  such  as  are  met  with  on  the 
surface  of  many  mucous  membranes  (fig.  48),  the  protoplasm  is  replaced 


iir®-' 
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Fig.  47«— 'Human  blood-coipuMlea. 


Fig.  48^— Old  epithelium  cells  from  the 
human  month. 


by  a  hard  substance,  poor  in  water,  and  almost  destitute  of  granular  matter, 
— a  metamorphosed  albuminous  material,  to  which  the  name  of  keratin 
has  been  given. 

Such  cells,  however,  as  those  in  both  instances  cited,  are  no  longer 
capable  of  supporting  a  prolonged  existence,  they  have  lost  their  active 
vitality  with  their  protoplasm. 

Again,  there  are  cells  still  more  fre- 
quently met  with  which  contain  other 
substances  as  formed  deposits  in  their  pro- 
toplasm (fig.  49). 

Setting  aside  for  the  present  those  cells 
into  whose  bodies  foreign  matters,  such  as 
granules  of  carmine  (a),  or  blood-corpuscles 
and  fragments  of  the  same  (b),  have  pene- 
trated from  without  (remarkable  objects  y,^.  4j_ceu.  wuiTdeportt.  of  foreign 
which  will  be  considered  at  gi'eater  length  matter  in  their  pTotopiaim  (half  dta- 
presently),  we  frequently  meet  with  globules 
and  drops  of  neutral  fats  laid  down  in  the 
original  cell-mass  ((f),  which  may  gradually 
coalesce,  supplanting  the  protoplasm  until 
but  a  small  remainder  of  it  is  left.  Besides 
such  fatty  matters,  molecules  of  brown 
biliary  pigment  are  to  be  seen  in  other  cells,  as,  for  instance,  in  those 
of  the  liver  (c). 

Cells  also  which  have  become  the  receptacles  of  melanin  granules 
(p.  52)  present  the  most  peculiar  appearance.  This  pigment  may  be  pre- 
sent in  such  abundance  that  the  whole  body  of  the  cell  becomes  black 
throughout  (fig.  50).  The  occurrence  of  crystals  in  the  interior  of  animal 
cells  is  less  frequent.  They  are,  however,  to  be  met  with  as  acicular  for- 
mations, already  alluded  to  (p.  27),  and  appear  in  the  interior  of  fat  cells 
on  the  post  mortem  cooling  of  corpses,  within  the  membranes  of  the 
former  (fig-  51).  But  while  the  appearance  of  these  is  by  no  means  rare, 
there  are  other  crystalline  deposits  which  are  only  encountered  in  minute 
quantity,  and  under  abnormal  pathological  conditions.  Matters  which 
assume  the  crystalline  form  in  such  watery  solutions  as  exist  in  the  animal 
economy,  must  be  regarded  generally  as  unfitted  to  take  part  in  the  con- 


m^mmatic).  a,  a  lymph  corpuacle  with 
l^ranulet  of  carmine  Imbedded  fa  it; 

b,  another  of  the  same,  with  included 
blood-cells  and  f rainnents  of  the  latter 

c,  an  hepatic  cell,  containing  fat  globules 
and  granules  of  biltanr  pigments;  d, 
a  cell  with  fit  globules  and  distinct 
membrane;  c,  another,  with  granuleaof 
melanin. 
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stmction  of  tissues.      The   rarity  of  r.ryatals  aä  cell-contenU  fe  thti» 
explained  hy  this  Uw,  fts  it  maj  be  called,  to  which,  with  all  the  rufie- 
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ties  of  cdlB  ia  the  different  groups  of  the  animal  kingdom,  there  aiB  but 
faw  exeeptiona. 

547. 

Among  the  further  charswiteri sties  of  the  animal  cell  there  now  onlj 
reoiain©  for  our  conaideratiou  the  envelope  and  nucleus. 

4.  TAf  enmloife.  It  has  l>een  airejidy  remarked  that  the  protoplaani 
at  the  enrface  of  the  cell  rarely  temains  «o  eoft  as  in  the  Interior.  In 
general  tetma  it  may  be  atatc-d  that  a  hardening  of  the  non-granular  or 
free  periphery  of  the  cell  usually  takea  place  by  contact  with  eurrounding 
media  (tymk-iopijuf  or  cortical  hnjer  of  protoplasm).  This  hardening  i^ 
certainly,  in  nu miters  of  cases,  estceedtngly  slight^  so  that  it  is  only  to  be 
recognised  by  the  sharper  outline  of  the  cell :  it  can  also  be  easily  overcome, 
and  softening  again  brought  about  hy  the  very  brief  action  of  exterasi 
agencies.  In  other  cases,  however^  it  is  greater;  the  transparent»  tough 
layer  increa^e^  in  thickness^  anil  may  bo  broaght  into  view  a^  distinctly 
separable  from  the  richly  granular  protoplaam  of  the  interior,  by  the  action 
of  water  and  other  reagent«. 

It  is  such  a|>pcarauces  tlmt  have  been  over  and  over  again  accepted  as 
proofs  of  the  cxii*terice  of  cell -mem  bran  es,  especially  when»  through  a  rent 
in  the  cortical  layer,  the  coi^tents  have  been  observed  to  protrude.  And 
in  fact,  this  hardened  peripheral  layer  of  protoplasm  dees  lead  us  on  to 
the  cell- membrane  as  it  becomes  grail ually  mote  and  n^ore  iiidependenti 
and  assumeä  dltferent  chemical  properties. 

But  no  one  is  able  to  detina  where  this  cortical  layer  of  protoplasm 
ends,  and  where  tho  membiune  of  the  cell  liegine — a  point  essayed  on  all 
side«  in  the  case  of  animal  cells  at  an  earlier  period  of  hiät^jlogical  study. 

Occasionally,  at  some  distance  from  the  ihrunken  eel b body  such  a 
covering  with  double  contour  may  be  recognised  (lig.  49,  d).  But  its 
pr^enoA  cannot  be  doubted  for  an  instant,  when»  either  mechanically, 
as,  for  instance,  by  rupture  and  ßi^ueexing  out  of  the  contents,  or  by 
chemical  reagents  which  dissolve  tho  bitter,  the  membrane  is  successfully 
isolated.  Those  fatr-cells  already  mentioned  (fig.  51,  a)  allow  of  the  fluid 
fat  ify)  being  pressed  out  in  drops,  when  such  a  membrane  {c)  Ijecomes 
rocogniaable.      The  same  may  be  st;en  when  the  contents  have  bi«en 
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extracted  by  alcohoL  These  membranes  exist  in  many  cellular  formations 
of  the  body  beyond  question.  Their  purposes  appear 
chiefly  anatomical,  in  that  the  consistence  requisite  for 
many  animal  tissues  is,  as  we  know  by  experience,  greater 
than  could  be  yielded  by  the  soft  protoplasm  of  the  cell- 
body  alone. 

Where,  however,  the  individual  cells  are  widely 
separated  by  considerable  quantities  of  solid  intermedi- 
ate substance,  or  where  just  the  reverse  is  the  case, 
and  they  are  suspended  in  a  liquid,  forming  a  fluid- 
tissue,  this  membrane  is  probably  absent  as  a  rule. 
Such  cells  are  those  of  dentine  tissue  and  of  bone,  as 
also  the  cellular  elements  of  the  blood,  the  lymph,  and 
the  liver  (fig.  52). 

The  membranes  of  cells  are  usually  transparent,  and,  as  far  as  we  can 
see  with  our  present  optical  instruments,  structureless  and  without  open- 
ings or  pores.  Attention  has,  however,  been  lately  directed  to  certain  cells 
in  which  pores  may  be  distinguished  by  means  of  the  microscope— a  cir- 
cumstance into  which  we  shall  have  to  examine  more  closely  further  on. 

It  is  probable,  also,  that  in  isolated  cases  this  cortical  layer  or  envelope 
covers  only  certain  portions  of  the  body  of  the  cell. 

As  a  rule,  we  find  the  demarcation  of  a  cell  such  that  a  smooth  contour 
encloses  the  figure ;  but  it  may  happen  that  the 
granular  contents  produce  a  rugged  appearance  on 
the  surface,  which  leads  us  involuntarily  to  the  dis- 
tinction between  smooth  edged  and  granulated  cells 
(fig.  53,  a  d).  Both  of  these  differences  are,  how 
ever,  of  minor  importance.  Again,  owing  to  a  par- 
tial exit  of  the  matter  contained  within,  the  cell,  yik.  58.-H»  b  c,  Smooth-eaged 
which  had  been  up  to  that  time  perfectly  smooth,     diskow   Wood  -  corputcie^ 

.  ^,  ,    J  '^         ,  .y  ^,   *       with  one  granulated  white 

may  assume  a  wrinkled  appearance  ;  while,  on  the     ceii  (d)  whose  nncieui  i«  oi>- 
other  hsmd,  the  reverse  may  take  place  with  a     •«»"'<*• 
granulated  cell  through  the  imbibition  of  water ;  it  may  swell  out  and 
become  a  smooth  rounded  object. 

Attention  has  lately  been  directed  by  M.  Schul tze 
to  a  remarkable  appearance  in  the  borders  of  young 
cells,  and  especially  those  of  flat  epithelium ;  their 
surface,  namely,  is  completely  covered  with  points, 
ridges,  and  prickles,  as  they  might  be  named  (fig. 
54),  which  fit  in  among  those  of  the  neighbouring 
cells  "  like  the  bristles  of  two  brushes  which  have 
been  pressed  against  one  another."  The  appropriate 
name  of  "  spinous  and  fnrrotced "  cells  has  been 
given  to  these. 

5.  If  we  now  turn  to  the  analyses  of  the  nucleus, 
with  its  adjuncts,  we  meet  with  a  certain  vari- 
ability in  it  likewise.  First,  the  difference  in  size 
of  the  various  animal  cells  brings  with  it  very  con- 
siderable fluctuation  in  the  diameter  of  the  nucleus ; 
proportionately  less,  of  course,  than  that  of  the 
cell  itself!  We  may  accept  00011-0075  mm.  as 
a  medium  diameter  for  the  nuclei  of  animal  cells  ; 
bat  at  the  same  time,  it  must  be  borne  in  mind  that  some  may  be  found 
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Fig.  Mw— Spinooa  or  fur- 
rowed cells,  a,  from  the 
undermost  layers  of  the 
human  epidermis;  6,  a 
cell  from  a  papiUaiy 
tumour  of  the  human 
tongue  (copied  from 
SchulU*:) 
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much  smaller,  even  down  to  0-006  mm.,  and  less,  whilst  otiier  celU  »gam 

possess  mic.hi  whose  dittnieter  may  reach 
0  U23-Ü045  mm.  The  position  of  this 
nucleus  in  the  animal  cell  is  at  ona  timo 
eenlralj  at  another  excentrie. 

The  fundamental  furm   nf   the  object 
,    under  consideration,  a»  it  ia  met  with  in  \ 
'  the  earliest  formative  cells  of  embryonic 
t  tiasue,  and   frequently  enough  in   thowj 

iiudetij  ftt  A.  Tbe  nuci«!  thftnteiTta  li«  to  be  that  01  a  vesicuMr  body  approach* 

«cenmc  in  the  t.dy  ^1  tl..c.ll,  &.  -^^  ^^^  spherical  figure  (fig.  65,  ß  c),  WJth 

more  or  less  fluid,  and,  it  may  bo  added,  homogeneoua,  transparent  con- 

tenta  and  strong  cortex,  which  latter  shows,  nnder  the  strougest  micro- 

^^_^  Bcopea  of  the  present  day,  a  double  contour  as  optical 

^j  ^        expression  of  its  thioknesa*     Thus  we  see  that  the  nucleus 

M    m       possesses   an   analogous  structnre  to  the  cell,  whit^h  i^ 

M      M       endowed  with  a  membrane,  and  one  of  whose  compoüent# 

M^'^.Mg,       Tn  the  interior  of  this  hollow  nucleus,  or,  m  it  has  been 

m      Mm    '   naoied,  nmUar  utricle^  or  vrndep  may  be  discovered,  s^^gl^] 
m       m^         ^"^  double,  a  roundish  formation,  almost  a  mere  speck  on 
f        W  account  of  its  minuteness:  this  is  the  nude^m  aln^dy 

'      M  mentioned  (d  d). 

^r  This  fundamental  form,  however^  of  the  nudeu«  is  fhe- 

0  quently  enough  exchanged  subsequently  for  another,  alter- 

Pig. 3«^Tiro  cdii  ing  thus  its  original  appearaitce,  although  the  Tariatiouä 

^  cfifliLMS*  ^^  ^^^  nucleus  may  be  stated  as  a  rule  to  be  less  in  propor- 
»hofnoift-  tion  than  those  of  the  ceil  itaelt  We  find,  for  instance, 
in  turning  to  the  consideration  of  some  of  these  changes 
of  figure»  that  it  may  become  elongated,  as  in  those  cells  which  enter  into 
the  com jx>si tion  of  un striped  muscle  (fig.  56,  h)^  or  diakoid,  as  seen  in  the 
tissue  or  nail  (tig  57).  Bamiieatious  of  nuclei  have  also  been  met  with 
in  certain  cells  of  lower  organism,  but  not  as  yet  in  those  of  tbe  human 
body. 


UMut  tiaclfi 


ST.— CdU  «r  nail 
«« rlfivr  from 
ab»^  vltH  Iha  iniiA- 

v]*w  of  Die  m%  with 
ilia  fliUeiird  I»ir«llt4 


On  the  other  hand,  the  nucleus  may  exchange  the  original  vesicnlir 
condition  of  mi  mxlmt  period  for  aolid  contents,  as  is  the  case,  for  instante, 
in  the  superficial  epithelial  cells  of  the  mouth  (%.  5S),  or  for  perfect 
homogeneity,  so  tliat  evon  the  envelope  of  the  nucleus  is  no  longer  to  b« 
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Flg.  69.— Two  blood- 
cells  of  the  frog. 
a  6,  with  granoUr 
nadei,  ae  thej  pre- 
sent themselves  af- 
ter treatment  with 
water. 


distmgoished.     This  latter  form  is  seen  in  the  cells  of  involantary  mnscle 
just  meDtioned  {^^,  56,  6).     In  such  cases  the  nucleoli 
are  frequently  invisible. 

It  often  occurs  also  that  elementary  granules  are  laid 
down  in  the  nucleus,  giving  to  it,  when  in  large  quanti- 
ties, a  rugged  appearance,  and  precluding  the  possibility, 
further,  of  the  nucleolus  being  distinguished.  It  is  thus 
that  the  so-called  granular  nuclei  have  their  origin. 
Again,  there  are  cells  whose  nuclei  may  be  obscured  by 
an  enveloping  drop  of  oil  The  former  may  be  seen  on 
treating  the  blood-corpuscles  of  the  lower  vertebrates  with 
water  (ßg.  59),  while  the  latter  are  of  frequent  occurrence  among  certain 
cartilage  cells. 

It  is  not  always  that  we  are  able  to  make  out  the  object  in  question  in 
the  interior  of  animal  cells :  it  is  often  hidden  from  view,  as  for  instance, 
in  the  living  celL  We  have  already  men- 
tioned in  a  p^vious  section  that  a  rich  de- 
posit of  elementary  granules  also,  or  pig- 
ment molecules,  may  obscure  the  nucleus 
(fig.  60).  The  same  may  be  the  case  if  the 
ceU-body  be  occupied  by  a  quantity  of  fatty 
matter;  but  very  close  scrutiny  wül  always 
reveal  the  nucleus  to  the  observer  after 
a  time.  On  the  other  hand,  there  are  cells 
in  which  such  a  covering  up  of  tlie 
nucleus  cannot  be  thought  of,  in  which 
the  contents  appear  perfectly  clear,  and 
yet  in  which  we  can  by  no  means  in  our 
power  render  the  nucleus  visible.  The 
coloured  blood-corpuscles  of  mature  mammalia  and  human  beings  belong 
to  this  category  (fig.  61);  likewise  the  cells  of  the  more  superficial  layers 
of  the  epidermis  which  clothes  the  external  sur- 
face of  the  human  body  (fig.  62).  But  of  both 
these  we  know  that  they  possesssed  nuclei  at  an 
earlier  embryonic  period.  There  are,  consequently, 
certain  cells  in  our  system  whose  nuclei  disap- 
pear usually  at  some  period  of  their  existence. 
We  may  also  remark  here  and  there  in  tissues 
whose  cells  are  as  a  rule  destined  to  retain  their 
nuclei  for  the  whole  life  of  the  animal  to  whose 
body  they  belong,  an  isolated  cell  without  a  nucleus  among  its  complete 
companions;  but  it  mu^t  be  looked  upon  as  a  rare  anomaly.  All  such 
non-nucleated  cells  are  moreover  incapable  of 
existing  for  any  length  of  time,  and  are  simply 
on  their  way  to  dissolution  as  far  as  we  know 
at  present. 

In  contrast  to  the  kind  of  cell  just  men- 
tioned, we  meet  with  others  in  which  two  or 
even  a  greater  number  of  nuclei  exist.  The 
first  case  (fig.  63)  is  seen  with  comparative 
frequency,  and  in  very  dissimilar  tissues: 
cells  with  many  nuclei  are  rare,  and  found  principally  in  the  medulla 
of  bones,  where  they  may  contain  ten,  twenty,  or  even  forty  nuclei,  and 
6 


<-^^^f 


ng.  60.— stellate  cells  filled  with  black 
pigment.  In  two  of  the  same  we  can 
recognise  the  nvcleos,  but  in  the  third 
the  latter  Is  hidden  by  the  quantity  of 
melanin  granules  contained  in  the  cell- 
body. 


/^  r 


Fig.   «I. — Coloured    hnmati 
blood-corpuscles,  abc. 


Fig.  63.— Epidermis  cells  without 
nuclei. 
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*t  tmes  Ättaiji  enormous  proportions  (fig.  64).  Such  conditions  are  in- 
variably coindiknt  with  a  process  of  proliferation  in 
the  cell,  and  will  be  treEitQil  of  more  minutely  when 
diBciiesing  tlie  latter.  We  nmst  distinguish  thia  truly 
double  or  niultiple  nucleus  frt^m  anolber  deceptiv©  ap- 
pearance of  two  or  several  more  in  one  animal  cell. 
There  are,  namely^  celltilar  foniiations  in  various  fluids 
of  the  system,  as  in  the  blooil  {the  white  or  colourless 
blood' CO rpuacles)  lymph^  thyle,  mucus,  pus,  &c, — ^we 
will  call  tUem  himphmd  cells— which  contain  originally 
a  simple  nucleus ;  which  when  mature  may  often,  nader 
the  atition  of  reagents,  such  as  dilute  acids,  for  iuBtaiice, 
be  made  to  break  up  into  several  pieces,  so  that  the  ob- 
server is  deceived  into  the  belief  that  he  has  before  him 
cells  with  several  nucleL 

The  qnestion  as  to  whether  the  body  and  nucleut  of 

the  cell  possess  any  further  finer  texture,  cannot  at  present  be  answered 

with  certainty* 

§48. 

Turning  now  to  the  chemical  am^iitutlun  of  the  animal  cell,  we  find 
ourselires  entering  upon  a  litdd  of  bistochcitncal  inquiry  of  which  little  is 
known  i  hero  more  than  elsewhere  docs  microscopical 
rf-^earch  in  the  investigation  of  the  elements  of  form 
appear  to  he  far  »n  advance  of  chemical  analysis 
In  order  to  follow  up  tliis  lino  of  inquiry  with  any 
hop«  of  success,  w^  should  be  ahk  to  separate  the 
cell  from  its  surroundings,  i.e.,  from  elements  of 
tissne^  to  take  it  aaunder,  or  resolve  it  into  itn 
variüus  parts,  /»e.,  nuicleus,  cell  body,  membranu, 
and  subject  tb4.se  separately  to  chemical  analysis 
Uufortumiiely  this  is  for  the  pj^sent  impossible, 
and  thus  the  existence  of  a  great  gap  in  our  know- 
h^d^e  is  more  than  sufüciently  explained. 

We  are  in  general  only  able  Ui  slate  so  much; 
•tbtit  the  still  very  obscure  group  of  protein  com- 
pounds or  albujuinous  principles,  witti  its  numerous 
members  and  mod  ideations,  with  certain  of  the  bis- 
togonic  descendants  of  the  latter,  play  the  chief 
part  in  the  constitution  of  the  animal  cell 

Besides  these,  as  in  all  other  parts  of  the  system, 
we  find  as  further  cunstituent«,  water,  and  moreover 
usually  in  constderable  amount;  also  certain  mineral 
matters,  and  probably  alj?o  everywhere  fats* 

liut  though,  after  whiit  baa  just  been  remarked»  wo 
may  look  on  the  protein  matters,  and  tbeir  imiticdiaie  derivatives,  as  those 
eubstauces  from  which  the  matcsrials  for  the  production  of  the  animal 
cell  are  derived,  chemical  investigation  teaches,  on  the  other  hatid,  that  the 
various  parts  of  the  latter  must  be  composeil  of  moiliäcati<>ns  of  these,  in 
that  nucleus,  cell  body,  and  membrane  (when  the  latter  is  present)  gener- 
ally display  diiferent  reactions.  Xot  un frequently  we  are  obliged  to  own 
OUT  knowle^lge  of  the  composition  of  animal  cells  as  compi-ehenddd  in 
these  few  and  general  propositioa«  only.     In  some  other  cases,  howeireri 
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and  under  uvonrable  circumstances,  it  is  possible  to  penetrate  somewhat 

more  deeply  into  the  chemical  constitu-  ^                        ^ 

tion  of  these  most  important  of  the  ele-  >^      ^  ^    |^ 

ments  of  form.  (^      ^  ™    ^^ 

Let   us    first,   then,   inquire    into   the  ^,        ^/S\  A^  ^^ 

constitution  of  the  cell-body.      We  have  ^    /S^  i^J  V   mß) 

already  seen  in  one  of  the  preceding  sec-  /'wN  ^"^^  /^^'  i^>v           ^ 

tions  that  this  is  originaUy   formed    of  \^^        f^j  ^i)    (^"^ 

protoplasm.      In  speaking  of  the  latter  V  ^^  ^-^   ^<^ 

we  described  it  as   a  tough,   viscid,   or  „     .,    *t      ^  ..     «     ,  . 

.J       ,    ^  •  i^-  r  T  Fig.    64.  — Ljrmphold   c*lli,    1-4,   nn- 

roucoid  substance,  consisting  of  a  peculiar  changed;  ^  the  nuclei»  »nd  mem- 
albuminous  compound,  which  coagulates  S5Sei'Ä^S' fi^ÄU  tt* w 
at  death,  and  also  when  heated  up  to  a  cer-  and  ii:  12,  it  h—  broken  up  into  six 
tain  point;  which  becomes  further  swollen  »***^''  ^^  *~  ""^'*'- 
up  or  gelatinis^  by  the  action  of  water,  but  not  dissolved.  This  is 
about  all  we  know  at  present  of  this  important  compound  protoplasm. 
The  granules  which  lie  embedded  in  the  homogeneous  substances  of  the 
latter  in  greater  or  less  quantity,  consist  partly  of  coagulated  albuminous 
matters,  partly  of  neutral  parts,  and  more  rarely  of  pigments,  especially 
melanin.  That  mineral  constituents  are  also  present  need  hardly  1)e 
remarked. 

In  many  cells  the  protoplasm  is  transformed  gradually  into  various 
other  modifications  of  the  protein  compounds.  Thus,  instead  of  it  the 
mature  blood-corpuscle  is  composed  of  watery  haemoglobin,  the  formative 
cell  of  the  fibres  of  the  lens  likewise  of  an  albuminoid  known  as  globulin. 
Other  cells  again  contain  mucin  or  allied  substances,  as  for  instance  colloid, 
and  it  often  occurs  that  the  original  cell-body  is  converted  by  a  loss 
of  water  into  one  of  the  more  solid  moditications  of  the  albuminoid 
group,  for  instance  into  keratin,  found  in  the  older  cells  of  epidermis 
and  nail  tissue,  &c.  However  imperfect  our  knowledge  at  present  may 
be,  it  must  still  be  considered  of  importance  to  know  for  certain  that 
those  more  remote  descendants  of  the  albuminoids,  as  we  meet  them,  for 
instance,  in  glutin  and  elastin  (§  15),  never  form  the  proper  body  of  an 
animal  celL 

Ferments,  also,  are  probably  of  frequent  occurrence  in  the  bodies  of  cells. 
Thus  we  find  minute  molecules  of  pepsine  in  the  prbtoplasm  of  the  glan- 
dular cells  of  the  stomach,  and  allied  matters  in  the  eleiuents  of  the  in- 
testinal glands. 

We  have  also  hydrocarbons  presented  to  us  in  hepatic  cells  in  the  form 
of  granules  of  glycogen  (§  1 6). 

Deposits  of  neutral  fats  are  likewise  of  extremely  common  occurrence 
here.  Granules  and  globules  appear  at  first  in  the  various  kinds  of  cell- 
Bubstance,  gradually  forming  in  some  cases  large  drops,  which  may  eventu- 
ally displace  almost  the  whole  of  the  latter.  And  although  it  cannot  be 
doubted  that  most  of  these  fatty  compounds  are  taken  up  into  the  body  of 
the  cell  from  without,  it  must  still  be  regarded  as  extremely  probable  that 
a  formation  of  fat  can  be  brought  about  in  the  cell  itself  by  the  splitting 
up  of  its  proper  albuminous  body. 

With  the  exception  of  the  salts  of  lime,  formed  dei)osits  of  inorganic 
substances  do  not  occur  in  the  bodies  of  cells. 

In  turning  now  to  the  consideration  of  the  chemical  constitution  of  the 
nttface  of  the  cell,  we  must  remember  that  very  generally  the  enveloping 
layer  of  protoplasm  has  been  hardened,  now  more,  now  less,  through  con- 
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tact  Teitb  surrounding  substftuces.     As  I0  the  composition  of  this  kyer,  as 
to  its  difTerence  as  compared  to  the  softer  protoplasm  withiX  "we  koow  &ie^ 
present  nothing»     Ita  power  of  reeiBting  the  action  of  reagents,  such 
ticids  and  alkalieSj  is  for  the  most  part  very  limited. 

Further  metamorphosis  of  this  superJicial  luyer  leads  on  through  in- 
termediate stages  to  the  formation  of  tlio  proper  **  cell  waU/*      This 
appears  to  possess  a  far  greater  power  of  reaiatance,  in  that  the  albu- 
minous matter  of  the  cortical  kjer  has  been  converted  into  a  substance, 
which  in  its  whole  demeanour  sb  regards  various  reagent?,  and  in  it«  im- 
mutabiiity,  manifests  a  strong  resemblance  to,  if  not  accortianee  with, 
elastin.     Even  years  ago  it  whs  osaerteU  by  Dofidvra^  that  the  membmnea 
of  all  animal  cells  consisted  of  elastin ;  and  although  this  expression  of  1 
that  most  excellent  observer  may  be  somewhat  exaggerated,  nevertbelesa 
tbe  capability  of  changing  into  a  cell  memhrane  }>08sessed  by  the  cortical 
layer  of  protoplasm,  gives  support  to  the  prujiosition  th^t  elastic  matter  ^ 
(elastin)  may  take  its  rise  from   tlie  prtiti^in   pubstances,  although  tho*' 
minutiae  of  the  prticess  of  tmnsltion  are  not  yet  known.   ^ 

Passing  on,  finally,  to  the  constitution  of  tbe  nudem^  wa  have  to  dis- 
tinguish between  the  envelope  and  contents  of  tbis  originally  vesici] 
body*  The  contents,  formed  of  a  pellucid  tluid,  appear  to  be  composed  of  ^ 
some  soluble  modiHcatiou  uf  protein  matter  ;  fur  we  can  frequently  pro- 
dace  a  precipitate  of  small  grannies  in  it,  by  tbe  action  of  alcohol,  acids, 
&c.,  as,  for  instani-e,  in  tJio  nuclei  of  ganglion  cells,  and  that  of  the 
ovum.  Tbe  envelope  consists  comparatively  seldonx  of  matter  whlcK 
does  not  resist  the  action  of  acetic  and  other  aüied  acids,  as,  for  instance, 
in  the  nuclei  of  the  cells  just  mentioned.  Usually — and  this  is  the 
means  for  the  recognition  and  distingidsbing  of  the  nuclens,  long  in  nm 
empirically  among  histologists — the  envelope  of  the  latter  and  the 
remaining  substance  is  not  acted  on  hy  such  acids.  Kow,  although  the 
substances  in  question  correspond  in  the  last  respect  with  the  elastic 
material  of  many  cell-merabranea,  they  yet  differ  from  them  most  dis- 
tinctly in  their  greater  or  less  degree  of  solubility  in  alkalies.  This  hai 
been  very  properly  pointed  out  by  KölHker  to  be  a  distinguishing  featnm 
between  the  nucleus  and  membrane  of  the  cell. 

The  chemical  tmnsformations  which  the  nucleus  undergoes  during  th© 
life  of  the  cell  are  manifold,  as,  for  instance,  when  it  becomes  solid,  q; 
excluinges  its  vestcakr  nature  for  a  granular  one,  Tfie  tendency,  further, 
of  certain  nuclei  to  deposit  fats  round  about  themselves  is  very  striking, 
a  process  which  can  go  so  far  that,  as  is  the  case  in  c^^rtain  cartilag« 
cells,  tinally,  instead  of  a  nucleus,  nothing  hot  a  drop  of  oil  coti'i 
be  distinguished.  It  is  also  remarkable  that  pigments  are  seldom 
seen  in  the  nuclei  of  cells.  Those  of  tbe  epidermis  of  dark  parts  of  I 
the  skin,  however,  appear  to  be  tbged  hy  some  brown  colouring 
matter. 

The  nucleolus^  owing  to  its  minuteness,  has  almost  completely  escaped 
obemical  inveatigation  hitherto.  It  is  supposed,  from  its  refracting  pto- 
p^ies,  t^  consist  of  fat 

Great  uncertainty  still  prevails  as  to  bow  far  tbe  products  of  the 
decomposition  of  histogenic  matters  (already  discussed  in  a  former 
section),  wliicb  are  found  in  the  fluids  saturating  ceUular  tissue,  are 
originally  constituents  of  tbe  cell-body.  It  is  also  impossible  to  state, 
even  in  the  most  favourable  cases  of  simple  cellular  tissue,  what  ptoducla 
of  decon)positlo0  belong  to  the  diflerent  parts  of  the  cell,  what  to  the 
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body,  and  what  to  the  nucleus,  as  in  the  case  of  the  hepatic  and  con- 
tractile fibre-cells. 

If,  as  would  appear  from  all  this,  our  knowledge  of  the  composition  of 
the  cell  is  very  unsatisfactory  from  a  qucUitative  point  of  view,  how 
much  more  so  when  we  glance  at  it  from  the  quantitative  side  of 
chemistry  I  In  fact,  we  are  unable  to  give  the  quantitative  analysis  of 
any  single  form  of  cell  in  the  body. 

§  49. 

In  regard  to  phenomena  of  vitality  observed  in  cells,  they  would 
appear,  in  the  first  place,  to  be  of  the  vegetative  type — consisting  in 
processes  of  absorption  of  matter,  transformation  and  execretion  of  the 
same,  growth  and  proliferation.  Again,  the  vitality  of  the  cell  is  mani- 
fested in  the  most  striking  manner  by  the  extraordinary  phenomena  of 
contractility  which  have  recently  been  met  with  limong  the  corpuscular 
elements  of  the  animal  body. 

Contractile  cells  have  long  been  known — one  might  say  as  curiosi- 
ties— in  the  bodies  of  lower  animals.  Comparatively  recently  they  have 
been  recognised  also  as  existing  very  widely  distributed  among  the 
same,  and  some  animals  are  known  of  such  simple  structure  that  almost 
the  whole  mass  of  the  body  consists  of  them.  But  we  liave  also 
gradually  become  acquainted  with  an  ever-increasing  number  of  the  same 
kind  of  cells  in  the  bodies  of  the  higher  animals,  likewise  endowed  with 
the  power  of  vital  contractility.  Besides  this,  such  a  property  could  no 
longer  be  doubtjsd  after  the  recognition  of  the  fact  that  a  widely-spread 
species  of  muscular  tissue,  known  as  unstriped,  as  also  the  heart  (at 
least  at  an  earlier  period  of  embryonic  life),  had  consisted  of  such  cells 
entirely.  Taking  with  all  this  the  fact  that,  up  to  the  present,  this 
vital  contractility  has  been  observed  in  the  cells  of  all  but  a  few  tissues, 
such  as,  for  instance,  those  of  the  nervous  system,  we  are  almost  war- 
ranted in  concluding  that,  at  an  earHer  period  of  their  existence,  all 
cells  are  endowed  with  this  power  of  contraction ;  that  is  to  say,  as  long 
as  they  consist  of  protoplasm  alone, 
and  before  they  are  enclosed  in  a 
distinct  cell-membrane,  and  that  this 
power  is  dependent  probably  on  some 
property  inherent  in  the  latter  sub- 
stance. 

Let  us  take  a  somewhat  nearer 
glance  at  this  wonderful  phenomenon 
uf  cell-life  in  individual  cases. 

If  we  take  a  frog  in  whose  eye 
inflammation  has  been  produced  by 
the  action  of  nitrate  of  silver  applied 
to  the  cornea,  we  find  after  a  few 
days  that  the  aqueous  humour  be- 
comes milky.  A  drop  of  this  fluid, 
placed  with  extreme  care  under  the  pig.  ec.-^Jontractiie  lymph  -  oeii«  from  the 

microscope,    will   often   show    us    the        Ah^ot  a^u««  of  an  inflamed  eye  of  »  frog. 

cells  sketched  in  fig.  66  (pus-corpuscles).  These  seldom  or  never  appear 
of  simple  spheroidal  figure,  but  almost  always  under  a  variety  of  jagged 
shapes,  whose  points  and  angles  are  engaged  in  an  incessant  change  oi'  form, 
usaklly  very  sluggish,  but  at  times  somewhat  energetic.     We  are  able  to 
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Te^ogaisB  al»o,  that  certain  lb  in,  thread-]  ik@  procesae.«^,  eantiatmg  of  a  dear 
Btructureless  sabstance^  extend  theinaälves  nipidly  from  the  main  mass 
(o)j  while  others  much  broader  {b  df)  commence  an  extensive  ramificit- 
tion  (g  h  k).  Should  the  branchei  of  neighbouring  processes  come  into 
contact  with  one  another,  they  coaleBce  at  the  poiut  of  contact,  forming 
net-like  figures  or  broad  flat  meshes,  which  gradtiaUy  assume  the 
dark  appearauce  of  the  r^st  of  the  bod  j  of  the  cell.  Other  prolongations 
of  the  protoplasm,  OH  the  contrary,  have  in  the  mean  while  recedtHl  and 
disappeared  in  the  body  of  the  celL  At  times  the  most  extraordinary 
intermediate  lorms  of  the  celt  result  from  these  changes  {V  e).  All  this 
time  a  slow  circulation  of  the  gran ut es  lying  in  the  protoplasm  may  be 
observ*ed|  the  nucleus  inoviog  about  pfcassively  with  them.  It  is  only 
on  the  death  of  the  cell  that  thia  extraordinary  movemeDt  ceaseSi  and 
that  the  former  assumes  the  round  shape  (/),  forme rlj  supposed  to  bo  the 
only  one  in  which  the  puij-corpuscle  ever  appeared. 

The  species  of  cell  just  mentioned,  our  **  lymphoid  cell"  (p.  72),  is  found 
widely  distributed  throughout  the  bodies  of  vertebrate  animals,  and  has 
receivod  ditfereüt  uames^  according  lo  the  region  in  which  it  is  met  with, 
a«!  for  instancat  the  **  white  blood -corpuscle^"  the  *Mjinph  and  chyle 
eorpuscie,"  the  "  mucous  corpuscle,"  &c. 

iJoe^  it  undergo  the  same  change«  of  form  in  the  human  and  mam- 
malian body  generally  t 

This  question  may  be  answered  in  the  affirmative ;  but,  owing  to  the 
much  smaller  size  of  the  celt  in  the  latter,  and  the  rapid  cooling  of  the 

preparation,  the  demonstration  of  vital 
contractility  is  attended  with  more  ditW- 
culty.  The  eertea  of  changes  sketched 
in  fig.  6?  mtky  be  followed  (a,  1-10)  on 
the  white  corpuscles  of  tlie  blood ;  but 
the  energy  of  the  movement  iis  greatljT 
increased  if  the  natural  warmth  of  tho 
ftuid  be  kept  uji  artilieitdly. 

Another  instance  of  change  of  ügnm 
Id  depicted  in  tig.  68,  which  represents 
a  small  portion  of  living  coniiecttv^j 
tissue  from  the  body  of  the  frog*  Thi 
cells  known  as  connective-tissue  cor* 
pusclea  put  forth  here  very  long  aud 
thin  filiform  processes  (a  h  i?),  but  the 
sequence  of  change  Is  of  the  slowest  kind.  These  processes  meeting 
t*>gether  with  otliers  like  them  from  neighbouring  celist  fuse  into  one 
another  temporarily.  But  all  such  connective  tisj^ue  corpuscles  do  not 
appear  to  possess  the  same  power  of  motion,  for  at  d  and  e  the  form 
is  not  alter<jd.  The  stellate  cells  of  corneal  tipsuc  are  said,  however, 
to  atford  a  much  more  beautiful  example  of  vital  change  of  form. 

The  appearance  and  disappearance  of  these  protoplasm  processos,  and 
their  irregular  development^  resemble  in  the  moat  striking  manner  those 
wondrous  variations  in  figure  observed  to  lal^  place  in  the  boily  of  on« 
of  the  nakwd  rhixopods,  the  amteba,  which  consists  entirely  of  protoplasm  ; 
and  we  may,  therefore,  with  perfect  propriety,  adopt  the  name  '*  ame^boid 
motion"  for  the  phenomena  under  co«  si  deration» 

It  is  very  easy  to  convince  one's  self,  with  the  aid  of  the  microscope, 
that  the  amceba  is  able  to  take  up  solid  particles  into  its  body  from  tho 
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Fl|r.  68. — ^Lhrinjr  connectlT«  tisane  from  the  trofCB  leg.  «6c 
d  e,  Tsrloiu  forms  of  connect  ire-tissue  coipu&des  ;  (o-c, 
contractile) ;/  fibres,  and  g^  bandies  of  the  same ;  A,  elastic 
network. 


rairainiding  mediom  in  wbicH  it  floats.  The  mode  in  which  ttie  litUe 
animalcule  slowly  effects  a  change  of  position  in  the  field  hy  means  of  its 
contractility  may  also  be  recognised.  It  is  observed,  namely,  to  pat  out 
a  process  in  one  direction,  into  wbich  the  rest  of  the  body  gradually 
streamSy  as  it  were,  nntil 
finally  Üiis  process  has  be- 
come the  body  of  the  organ- 
ism. The  interesting  disco- 
Tery  also  was  made  a  few 
years  ago,  that  these  two  pro- 
perties are  not  exclasively 
confined  to  the  elementary 
organisms  just  mentioned, 
but  exist  in  the  less  inde- 
pendent amoeboid  cells  of 
the  bodies  of  higher  animals. 
Thos  we  see  that  tiny  mole- 
cules of  pigmentaiy  matters, 
such  as  cinnabar,  carmine, 
indigo,  and  aniline,  or  the 
oil-globules  of  milk,  are  taken 
up  into  the  bodies  of  the 
amoeboid  cells  of  blood,  of 
lymph,  and  of  pus, — some 
of  them  while  lying  at  rest 
being  reached  and  embraced, 
as  it  were,  by  processes  of  the  protoplasm,  and  so  received  into  the  body 
of  the  cell  (fig.  69,  a).  But  what  is  thus  brought  about  artificially  with 
comparative  difficulty,  takes  place  readily 
and  extensively  in  the  living  body. 
Closely-packed  in  the  narrow  interstices 
of  organs,  amoeboid  cells  receive  into 
their  substanpe  even  larger  formed  masses ; 
these  may,  however,  be  forced  into  the 
soft  protoplasm  from  without.  In  the 
interior  of  such  cells  we  find  at  times 
conglomerations  of  animal  colouring  mat- 
ters, fragments,  or  even  perfect  examples 
of  blood-corpuscles,  which  have  left  the  general  circulation  (/>),  objects 
which  were  regarded  as  enigmatical  in  former  times,  when  the  cell  was 
supposed  to  possess  an  imperforate  membrane. 

With  the  power  of  receiving  matters  into  its  body  there  coexists  in  the 
cell  another  of  expelling  the  same,  ^fter  a  certain  time  the  contractile 
protoplasm  works  the  granules,  or  fatty  molecules  as  the  case  may  be, 
towards  its  surface,  and  finally  discharges  them  from  the  body  of  the  cell 
completely. 

This  wandering  of  amoeboid  cells  through  the  interstices  of  living  parU 
was  discovered  years  ago  by  BerMinghausen,  The  readiest  mode  of 
studying  the  phenomenon  for  ourselves  is  by  taking  a  drop  of  some  fluid 
containing  cells  from  the  body.  In  the  tissues  of  the  system  the  cells 
wander  on  with  a  continual  change  of  shape  through  fine  narrow  inter- 
stices (usually  compressed  somewhat  into  elongated  figures),  and  traverse 
thus  in  a  short  space  of  time  comparatively  large  distances. 


Fig.  69.- 


78 


MAiJÜAL  OF  HISTOLOGY. 


Both  of  tbeee — tbd  reception  of  matters  into  their  intenorj  and  Iht 
locomotive  proi>ensities  of  cells — furnish  ua  with  an  iiuight  into  a  new 
world  of  liliputian  life.  Owing  to  these  properties,  the  amoshoid  celb  of 
snch  animal  fluids  oa  lymph,  mucous  and  serous  exodatiotis,  roiiy  wander 
ont  from  deep  or  remote  organ 8  in  unj  direction.  Cohuhetm  hm  fur- 
nished ua  lately  with  some  extraordinary  reauUs  of  his  observation-^  on 
these  points  in  regard  to  inflammation,  bnt  we  witl  deft.rr  the  considera- 
tion nf  them  until  we  can  enter  into  it  at  greater  length  in  another  part 
*>f  our  work  We  learn,  however,  from  thesa — and  the  possibility  cannot 
be  denied^ that  small,  formed  particles  of  zymotic  and  infecting  sub 
stances  can  be  taken  up  hy  amceboid  cells*  and 
transported  by  the  ktter  to  distant  localities  in 
the  hody^  to  tlie  imminent  danger  of,  and  with  at 
times  the  greatest  inj^ury  to  the  system. 

It  seems  to  ns,  further,  aa  though  a  comparison 
may  be  instituted  between  this  eonttactility  of 
the  bodies  of  cellsj  and  another  kind  of  motion 
observed  in  certain  appendages  of  tlie  latter.  We 
reter  to  tbe  small,  hair-like  formations  attached  to 
the  surface  of  rarious  epithelial  elements,  to  which  the  name  cilia  has 
been  givefli  the  latter  on  which  they  are  placed  being  termed  on  thia 
account  ciliary  epitbelia  (%  70).  Aa  long  as  life 
clings  to  the  part  so  lon^^  are  these  delicate  hairs 
engaged  in  a  constant  and  rapid  undulating  movement. 
But  wo  will  consider  this  "  ciliary  motion  "  more  fully 
further  on. 

The  nucleus^  also,  or  part«  form^  from  i%  may, 
althongh  exceptionally,  become  contractile  in  ^imal 
cells.  But  up  to  the  present  we  are  acquainted  with 
really  contractile  nuclei  only  among  the  invorte- 
brata*  The  spermatozoa  of  vertebrates,  however  (tig, 
71)»  with  their  wonderful  power  of  rapid  progressionj 
aford  an  example  of  bodies  which  have  their  origin  perhaps  in  tba 
nucleus.     These  will  b«  diaeaaeed  more  at  length  presently. 
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Let  ua  now  contemplate  among  the  vegetative  phenomeBa  of  cell  life 
the  growth  of  this  element. 

Like  all  other  organic  structures  the  animal  cell  possesses  the  capa- 
bility of  growth,  of  increase  in  size,  by  mean*  of  the  introduction  of  now 
particles  antong  those  al really  composing  it«i  body,  or,  aa  it  is  the  custom 
to  say,  by  **  intussusception,"  And  in  that  the  moat  extended  use  is  made 
of  this  properly  throughout  the  system,  we  see  conscqtieutly  that  in  size, 
newly  formed  cells  are  much  smaller  than  those  already  arrived  at  maturity* 
The  enlargement  of  cells,  however,  takes  place  very  unequally  in  the 
several  tissues;  in  some  they  usually  increase  but  moderately  in  öiae,  els, 
for  instance,  in  certain  epithelia,  while  in  others,  as  in  the  element«  of  un- 
atriped  muscle,  they  may  undergo  an  enormous  augmentation  in  volume. 
ITiese  latter  are  the  contractile  fibre  cells  already  so  frequently  referred 
to*  Certain  cells,  also,  as,  for  instance,  those  of  fatty  tissue  and  cartilage, 
are  often  much  more  minute  in  the  advanced  embryo,  or  infantj  thaji 
in  the  same  tiftsue  in  the  adult  human  body, — a  fact  eatablished  many 


ELEMENTS  OP  STRUCTURE,  79 

years  ago  by  the  Dutch  iuyestigator  Hartxng  with  the  aid  of  the  micro- 
meter. 

A  satisfactory  physical  analysis  of  cell-growth  is  not  possible  in  the 
present  state  of  science,  and  we  can  only  here  and  there  at  most  seize  on 
certain  items  of  the  process. 

If  its  surroundings  afford  the  growing  cell  sufficient  room  for  opera- 
tion, and  if  those  elements  lying  next  to  it  are  separated  from  it  by  con- 
siderable intervals  of  soft,  yielding  matter,  it  increases  uniformly  in  all 
directions,  and  preserves  its  primary  spherical  form.  But  if,  on  the  other 
hand,  growing  cells  are  crowded  closely  together,  owing  to  this  increase 
in  size  the  various  members  of  the  crowd  must  come  into  contact 
eventually,  and  consequently  a  mutual  flattening  of  each  individual 
element  ensue  on  account  of  their  softness.  It  then  depends,  of  course 
merely  upon  mechanical  moments,  whether  they  will  assume  the  flat- 
tened shape,  and  become  squamous,  or  take  on  the  elongated  form. 

We  meet,  however,  often  enough  with  cells  increasing  in  size,  in  tissues 
of  soft  consistence,  which  are  difficulties  in  the  way  of  such  an  explana- 
tion as  that  just  given  of  the  law  of  growth  of  cells,  where  the  deposi- 
tion of  new  molecules  does  not  progi-ess  with  uniformity,  and  in  conse- 
quence the  cell  becomes  fusiform  or  pyriform,  losing  its  original  figure 
idtogether.  If  these  additions  to  the  substance  of  the  cell  take  place 
only  at  very  limited  points,  they  give  rise  not  unfrequently  to  the  forma- 
tion of  long  processes  in  varying  number. 

We  cannot,  however,  hope  to  have  attained  much  by  this  mode  of 
explanation  of  the  shapes  assumed  by  cells;  for,  just  as  the  many  species 
of  plants  and  animals  possess  each  one  its  own  special  stamp,  so  do  the 
various  kinds  of  cells  of  our  body  possess  their  own  peculiar  specific 
characters  whose  origin  mocks  every  kind  of  analysis  we  can  apply. 

But  not  alone  does  the  body  of  tlie  cell  grow,  but  the  nucleus  and 
nucleolus  also  undei^o  an  addition  to  their  bulk,  though  in  a  minor 
degree.  The  nucleus,  on  account  of  its  similarity  in  nature  to  the  cell, 
may  be  supposed  to  increase  in  the  same  manner;  and,  in  fact,  we  often 
remark,  besides  the  general  enlargement,  an  irregular  growth  through 
which  the  spheroidal  body  may  become  flat,  elongated,  and  narrow,  or 
columnar,  &c.  The  increase  in  size  of  the  nucleolus  is  probably  least  of 
all,  although  it  can  be  distinguished  in  ganglion  cells,  and  many  others, 
as,  for  instance,  in  the  primitive  ovum. 

In  contrast  to  these  cells  there  exist  others  in  which,  on  account  of  the 
growth  or  senescence  of  the  body,  the  nucleus  previously  present  disap- 
pears— is,  in  fact,  dissolved. 

Thus  the  nuclei  of  the  most  superficial,  or,  in  other  words,  the  oldest 
and  largest  cells  of  the  epidermis  vanish;  and  again  the  formative  white 
blood-corpuscle  is  endowed  with  a  nucleus,  which  is  absent  in  the  red  cell 
later  on,  at  least  among  human  beings  and  mammals. 

Should  the  cell  have  developed  around  itself  a  more  or  less  sharply 
defined  cortical  layer  of  protoplasm,  or  an  independent  wall,  this  may 
become  increased  in  superficial  extent  by  the  deposit  in  it  of  new  mole- 
cules produced  in  the  body  of  the  cell. 

The  envelopes,  also,  of  growing  cells  frequently  become  thickened, 
besides  by  a  constant  deposit  of  solid  matter  on  their  internal  surfaces. 
We  shall  have  to  take  all  these  points  into  consideration  below  when  con- 
sidering cartilage  cells. 

Other  phenomena  of  growth  which  lead  to  a  relinquishing  of  the 
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celluiar  nature  and  individoality  of  the  cell  will  come  trnder  our  notioä 
lower  down. 


All  struct  urea  of  the  body — ^the  tissue  elements,  and,  in  the  case  in 
point,  the  cells — show  a  transmutation  of  the  matters  of  which  thef  are 
composed  (j>*  11)  J  they  present  for  our  comsideratiou  an  **  inivrchoftge  of 
ffiaterial "  in  connection  \rith  them. 

Simple  microscopic  investigation  even  nfFoixls  us  many  proofs  of  this, 
by  showing  that,  hcside  tlM3  j^rowth  of  the  ctW^  its  contents  may  become 
eventually  of  a  diiferent  nature  from  au  optical  point  of  view.  Tiiu*  we 
aee,  in  glancing  at  embryonic  processes  in  the  first  place,  that  the*  forma- 
tive cell  of  tissues  exchanges  its  previou.^ly  homngeneons  or  hnely  granular 
contents  for  more  specific  materials,  iJi  that,  instead  of  the  granule,^  of  ih«^ 
yelk,  fat  globnle»,  pigmentary  matterSj  and  blood-pigments,  &c.,  may  make 
their  appearance  in  its  hml}-.  The  same  interchange  of  matter  is  also  seen 
in  the  mature  animal  system  ;  the  white  formative  blood-corpust.'les  an? 
transformed  inlo  red  cells.  The  neutral  fats,  which,  enveloped  in  a  thin 
kyer  of  protoplasm,  fonn  the  contents  of  the  so-called  fat-cells,  may  dis- 
appear ironi  tlie  body  of  the  latter  in  consequence  of  prolonged  fasting  or 
exhausting  dift^ease,  and  he  replaced  by  watery  protophism,  or,  as  it  was 
fonnerly  expressiKl,  by  a  "serous  fluid. "  Again»  in  the  interior  of  the 
epithelial  cells  of  the  small  intestine,  certajn  fut  globules  may  he  ob- 
served after  eveiy  meal,  which,  in  the  course  of  u  few  hours»  have  regu- 
larly disappeared  again.  And,  indeed,  we  might  bring  forward  many 
other  examples. 

One  moro  example  of  ceUular  transmutation  may  be  mentioned  here  its 
a  recent  disco vc^ry. 

In  the  inactive  suhmaxillaiy  gland  are  to  be  found  cells  which  contain, 
besides  a  small  amount  of  protoplasm  expanded  peripheiully  and  a  nucleus, 
a  large  drop  of  miicns.  By  the  action  of  a  continued  electric  stimulus, 
these  glan<l-(M?lJ3  may  be  made  artificially  to  discbarge  the  mucin,  ami  on 
doing  80,  are  found  to  be  granular  throughout,  and,  freed  of  the  gelatinous 
substance»  *uti aller.  In  a  few  hours  the  whole  cell-body  is  observed  to  be 
forn»ed  entirely  of  protoplasm. 

Now,  although  we  are  in  this  way  able  to  see,  one  might  almost  say, 
with  the  naked  eye,  the  tmnsmntalion  of  matter  in  the  cell,  nevertheless 
gruut  difßcnltios  arise  so  soon  as  the  question  turns  upon  a  more  detailed 
analysis  of  the  same  ;  and  this  it  is  which  causes  the  aiivance  to  appMr 
so  inconsiderable  whit^h  has  been  hitherto  made  in  a  field  of  inquiry  i>o 
important  for  general  physiology^  The  very  knowledge  of  the  fact»  also 
(first  observed  by  Gra/m7n%  that  crystalloids,  but  not  colloids,  can  pass 
through  the  envidopes  and  body  of  the  cell,  which  consists  of  colloid  mat* 
ter,  renders  it  difficult  to  comprehend  how  the  nourishment  and  growth 
of  the  latter  take  pi  ace  ^  although  it  nmy  explain,  on  the  other  hand,  the 
tnode  of  excretion  of  the  products  of  decomposition. 

'When  w*e  are  <|aestioned  as  to  the  vigour  with  which  this  interchange 
of  matter  takes  |tlace  in  the  animal  cull,  we  are  only  able  to  offer  conjec- 
tures. In  the  first  place,  different  parts  of  the  cell  may  h©  endowed  with 
diiferent  degrees  of  transformative  ent^rgy.  The  membrane,  for  instance  (if 
the  cell  have  acquired  one),  appears  to  be  endowed  with  less  than  the  other 
portions^  and  to  l>e  tbe  most  stable  of  the  whole,  especiutly  when  it  con- 
aists  of  tough  and  inditlerent  elastic  matter»    On  the  other  Iinnd,  everything 
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points  to  the  conclasion  that,  as  in  tlie  growth  of  the  cell,  so  also  ia  its 
transmutative  functions,  the  body  takes  the  most  prominent  part,  for  in 
it  the  most  important  alterations  are  observed  to  take  place.  The  nucleus 
seems  to  stand  between  the  inert  membrane  and  active  body  of  the  cell 
in  point  of  energy  in  the  metamorphosis  of  matter. 

Of  the  amount  of  transmutation  in  large  groups  of  cells  of  particular 
tissues  we  know  just  as  little.  There  are  physiological  facts,  however, 
which  would  lead  us  to  the  conclusion  that  those  tissues  to  which  we 
ascribe  the  highest  physiological  dignity — as,  for  instance,  those  of  the 
muscular  and  nervous  systems — possess  this  power  to  a  very  considerable 
extent ;  so  that  we  may  look  on  the  cells  of  unstriped  muscle  and  of  gan- 
glia as  structures  possessing  the  capability  of  rapid  renovation  of  their 
substance.  But  the  coming  and  going  of  material  must  be  still  more  rapid 
in  those  numerous  cells  which  clothe  the  interior  of  the  glands  of  our 
body,  from  all  we  know  of  the  processes  of  secretion.  On  the  other  hand, 
we  find  certain  kinds  of  cells  whose  transformative  abilities  are  probably 
very  inconsiderable,  as,  for  instance,  those  of  old  laminated  epithelia  and 
of  nail- tissue  (so  closely  related  to  that  of  the  epidermis),  and  the  cells 
of  cartilage.  In  respect  to  many  other  cellular  structures,  we  are  not 
even  able  to  form  likely  conjectures. 

The  consideration  of  the  means  employed  by  nature  to  bring  about  this 
transmutation  of  matter  in  the  animal  cell,  is  likewise  bound  up  with 
many  difficulties. 

Among  these  agencies,  however,  may  bo  reckoned,  in  the  first  place,  the 
property  of  imbibition  inherent  in  histogenic  materials;  and,  secondly, 
great  stress  must  be  laid  upon  the  processes  of  end  osmosis  always  accom- 
panying cell-life.  And  in  that  chemical  processes  are  incessantly  at  work 
in  the  interior  of  the  cell,  and  arc  often  of  considerable  energy ;  in  that 
constant  series  of  transmutations  follow  one  upon  another  here,  and  that 
the  contents  of  the  element  change  their  nature  very  frequently;  in  that 
fluids  of  different  constitution  pass  over  the  surface  of  the  cell  finally,  the 
phenomena  of  diffusion  must  be  very  various. 

Looking  somewhat  more  closely  into  the  vital  actions  of  the  cell-sub- 
stance, we  find  them  to  be  of  two  kinds  :  "egotistical,"  or  occurring  in  the 
interests  of  the  proper  nutrition  of  the  latter;  and  again  of  another 
nature,  for  the  attainment  of  greater  ends  no  longer  confined  to  the  narrow 
purposes  of  cell-life.     The  latter  are  to  be  observed  in  gland  cells. 

The  mode  of  action  of  these  is  two-fold,  M'ith  transitions  from  one 
to  the  other.  Certain  cells  only  receive  into  their  bodies  substances 
which  existed  previously  in  the  blood,  and  which  pass  through  them 
without  undei-going  change,  into  the  ducts  of  the  gland,  to  form  the  pecu- 
liar secretion  of  the  latter.  Thus,  in  the  case  of  the  gland-cells  of  the 
kidney,  for  instance,  we  find  them  simply  allowing  of  the  passage  through 
them  of  certain  constituents  of  the  blood,  namely,  urea,  uric  and  hippuric 
acids,  and  several  salts.  It  is  probable,  also,  that  the  cells  with  which 
serous  sacs  are  lined  admit  of  the  transudation,  in  a  similar  manner,  of 
the  fluids  with  which  they  are  moistened  and  lubricated.  On  the  other 
hand — toceturn  to  the  gland-cells — we  find  a  considerable  number  of 
glandular  organs  which  do  not  constitute  simple  apparatuses  for  the  fil- 
tration of  constituents  of  the  blood,  but  which  receive,  on  the  contrary, 
certain  matters  into  their  interior  in  order  to  transform  them — to  cause 
them  to  enter  into  new  combinations,  or  to  split  them  up  into  new  com- 
pounds, and  so  on.     The  tendency  to  refer  all  this  chemical  change  to  the 
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Action  of  fennenting  raatkrs  in  the  ecU-body^  or  to  some  properties  inhe- 
rent in  the  nucleus,  seems  natuni}.  Thus,  w©  sea  that  the  action  of  th«  j 
hepatic  cell  gives  rise  to  the  formation  of  the  bile  acids  and  glycogen.  In 
the  gland-cells  of  the  functioivatiug  maianm  sugar  of  iniik  must  be  pro- 
duced from  some  of  the  hydrocarbons  it  receive«,  or  from  albuminous 
naÄtters.  In  the  cells  of  the  salivary  glands  of  the  gastric  and  intestinal 
follicles  and  of  the  pancrc^as,  ferments  ar«  generated  which  do  not  eatist 
im  such  in  the  blootl,  and  wliicU  iinj>art  to  the  secretions  of  the  organs  in 
question  their  petiulittr  physiological  properties. 

Naw,  these  operations  engaged  in  by  the  glamWlements  are  repeated  I 
again  in  the  proper  or  egotistical  nulfition  of  individual  animal  cells.  Il 
seems  probable  tUat  in  many  cases  con.^tituenta  of  the  blood  simply  enter 
animal  cells  in  order — perhaps  aft^^r  undergoinj^'  very  slight  moditication — 
to  become  constituents  of  the  latter.  This  ii  borne  out  by  the  fact  that 
the  cells  are  principally  built  up,  as  it  were,  of  albuminous  compounds. 
On  the  other  hand^  we  fre.^UMntly  observe  considerable  transmutation  to 
take  place,  by  means  of  which  matters  received  acq  aire  another  nature. 
Thus  the  protein  compounds  of  laminated  epithelium  arc  converted  gradn* 
ally  into  keratin^  the  albuminous  substances  of  other  cells  are  transformed 
into  mucin,  and  aj^iin  the  fatly  soaps  of  the  blood  assume  the  form  of 
neutml  fatjs  on  entering  the  eel  la  of  adipose  tissue— a  metamorpbosis  of 
which  but  Httle  farther  is  known. 

But  the  metamorphosis  of  matter  taken  up  into  the  cell  bccume«  espe*  j 
ciatiy  striking  in  the  case  of  tlie  formation  of  pigments.  Here  vve  behold 
the  white  blood-cell  genemting  in  ita  interior  a  colouring  maltor  and  be* 
comirig  a  red  corpuscle ;  in  the  same  way  granules  of  black  pigment  or 
inelaum  are  developed  in  the  bodies  of  many  originally  colourless  cells, 
when  they  are  known  as  pigment  ceUa 

Tlie  quostion  as  to  what  matters  are  generated  by  the  ecU  itself,  and 
what  are  received  into  it  from  without  already  formed,  is  in  many  casef 
dithcult,  and  frequently  imposaihle,  to  answer 

Now,  AS  to  the  retrograde  metal  nor  phnais  of  the  componenlj  of  the  cell, 
as  to  the  liquefaction  and  discharge  of  the  product«  of  decomposition,  we 
know  at  present  but  very  little^  The  most  purely  cellular  tissuess  usually 
exist  in  too  small  quantity  to  admit  of  chemical  investigation.  But  occa- 
sionally, under  favourable  circumstances,  a  few  conclusions  may  be  dmwn 
on  these  points.  Thus  the  product-s  of  decomposition  of  striped  nutscle 
may  most  probably  be  regarded  aa  similar  to  thuse  of  involuntm-y  Hbre, 
judging  from  their  ehemie^  and  morphologieal  relationship;  and  in  the 
contractile  Übre-cell  of  the  latter  we  suppose  the  alhumen  to  be  trausformeti 
into  kreatin,  kreatinin,  by |joxaii thine,  iuosinic  acid^  iuodte,  and  the 
paralactie  acitb 

In  cone ludi tig  this  section,  it  may  be  remarked  that  Schwann  haa 
designated  thcise  phenomena  connected  with  the  chemical  transmulatiuns 
of  the  cell  as  "  metabolic  occurrences/'  and  speaks  of  a  "  metabolic  forod" 
inherent  in  cellB> 

§52. 

The  interchange  of  material  going  on  among  animal  cells,  as  a  study, 
(however  scanty  our  knowledge  of  it  may  be),  has  matle  ue  acquainted  with 
the  elaboration  of  amorpboua  matter«  and  with  the  excretion  of  fluids 
<K»ntaining  the  products  of  decomposition  or  the  earlier  substance  of 
oelle  in  solution.     It  has  also  brought  under  notice  a  number  of  formations 
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of  timeh  deeper  import  in  bjatolor^,  hi  which  material  supplied  by  the 
c«ll*biniy  Bolidifiea  and  afisume^  dettnite  forms,  a  process  of  the  greatest 
importance  in  histogenesia,  and  upon  whteh  great  atreaa  raa  kid  many 
ymirs  ago,  esjieciatly  by  K^JtiiHicur. 

Tb©  formations  to  wbicb  we  ret  er  may  Ij«  regarded  at  one  tirao  as  pro- 
duced by  secretions  from  the  »urfaee  of  the  protoplasm ;  at  another  by 
mctamorpbosia  of  peripheral  Jayers  of  the  latter.  In  füct^  botb  theie 
proL"t?5ses  are  merged  into  one  another  so  fre4|ueiitly  that  no  great  etress 
need  be  laiil  on  their  separation. 

These  solid  farmed  structures,  although  of  greater  significanc«  in  the 
bodies  of  the  lower  animals  than  in  the  human,  appear  neverthuless  to  play 
no  nnimportantpartin  our  organisation^  aJthouwh  the  distiiictioua  between 
thö  jirocesses  by  which  they  are  formed  are  still  obfcure. 

In  one  of  the  foregoing  sections  the  cortical  l-^yer  of  the  protoplasm  of 
celb  was  dffl^ribed,  as  also  tlie  cell- wall,  which  was  recognis&i  as  an 
envelope  differing  chemically  from  the  re  at  of  the  element. 

When  snt'h  n>  em  bran  es  attain  a  certain  degree  of  thickness  and  inde- 
pendence as  regards  the  body  of  the  cellj  ^ihey  are  koown  as  Lßll-capmlc^, 

The  best  exiimples  of  siK-h  capsular  memhranea  are  to  he  found  among 
the  elements  of  a  very  widely  spread  tissue,  cartiliige  {l\g.  72). 

The  c'lrtiliige  cell  proper  (b),  consist«  of 
transparent  contractile  protoplasm.  On 
the  surface  of  the  latter  a  cbemically 
dilfcr^uit  layer  is  gradually  formed,  whifh 
is  at  first  thin  and  delicate,  but  eventu- 
nÜy  attains  considemhle  thickness  (c) 
by  the  depo&it  on  its  internal  surface  of 
lami  nae  of  new  matter,  Kot  unfrequently 
ä  distinctly  concentric  marking  may  W 
obsarved  in  the  capsule,  as  optical  ex- 
preesion  of  this  successive  formation 
wi thill  it  of  laminie.  Again,  much  may 
be  leumpd  from  the  action  of  vtater  upon 
the  boi^ly  of  the  cell,  under  which  the  latter  abrivels  up  and  becomei 
widely  separated  from  the  capsule  (3). 

It  is  probable  that  the  thick  tough  envelop*^  known  as  the  ehürion  (üg^ 
73)»  which  invests  the  primitive  ovum  cell,  is 
of  analogous  nature  to  the  cartilage  capsule. 
This  has  recently  been  discovered  to  possess 
a  very  peculiar  structure  ;  it  is  marked,  namely, 
by  very  delicate  radiating  lines,  which  ate  the 
optical  expression  of  extremely  fine  pasöo^ns 
or  Ciinalicnli,  known  as  the  *^  porf-eamt is  *^  of 
Lci/difj.  These  which  are  also  present  in 
vegetable  cells  are  undoubtedly  of  the  deepest 
signihcance  in  cell-life. 

An  related  to  these  capsular  structures 
enveloping  whole  cells,  other  formations  may 
he  mentioned  which  are  on\y  parked^  occurring 
an  the  free  surface  of  epithelial  cells.  They  are  to  be  found,  for  instance, 
among  the  columnar  epithelial  cells  of  tb©  mammalian  intestine,  with  their 
delicate  pcre-mnals,  discovered  many  years  ago  almost  simultaneously 
and  independently  of  one  another,  by  Ftmke  and  Koelliker. 


73,^ni«jp-Ain  ot   iliiTc  caitiUjre  cell« 
with  fflpffOlea.    0,  nnclirttfi  (H  ci^I^IkhIj 


cell-badf :  tj  tblc.Vt«iicd  CApinli 
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Fifc  74.— Cotiimtiaif  etilU  from  Ih« 
tmiU  Inti^TliK-  of  ihe  nbblt.  «, 
■Ide  Hew  üf  cell  ft  wlih  tblckeJKStl 
nlat'd  Iia«  t^^l^^:r«^^3  by  p<tinM ;  (^ 

dots. 
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It  had  long  been  tnown  tkat  the  free  surfaces  of  the  columnar  cella  in 
question  were  covered  wtth  trans pareii  t  borders. 
These,  bowüver,  were  held  to  be  the  optit^l 
expression  of  thickened  eel  I -mem  bran  es.  We 
now  know,  however,  beyond  doubt,  that  each 
cell  is  topped  by  a  kind  of  lid  as  it  were.  In 
tbis  line  fetreaka  or  pore-canjda  may,  as  a  rule^ 
be  distinctly  recognised  (ti^s.  74  a,  75  i^);  seen 
from  OibovOj  alfio^  the  ceils  are  observeti  lo  he 
iinely  dotted  (Hg.  74  b).  At  times,  however, 
the  markings  on  the  borders  of  the  cells  are 
not  distinguishable,  or  only  very  indistinctly 
This  transparent  hd  may  be  loosened  horn  the  eurface  of  the  cells 

hy  the  action  of  water  or 
pressure  ;  either  in  the 
form  of  one  con  tin  nous  band 
(figs.  74  a,  75  a\  or,  only 
specially  attached  to  each 
cell  (hgs.  75  6-/}.  .  Then 
ngain,  tho  delicate  flub- 
stance  of  the  lid,  composed 
of  some  unstable  albumin- 
ous matter,  spHta  up  fre- 
quently on  imbibing  water^ 
or  under  slight  pressure. 
Fig.  7ft,— Tiiö  «m*  ceUi.    At  »,  the  bfinier  It  löoeenwi  by     into    a    number    of    rod- 

i*Bitr(uul»ht^lir  pri^rturu;  Ä,  naTuralcundlilDrt;  c,  Äp<»rtiun  l,Ug  rjiAces  which  maV' 
of  Uiedii  üotm^^id;  dr/.  tlie  IiUt^r  U  TtM>Avvd  Uu>  n.  *.  "^  pic-uuö,  %i  u*t.fi  üi»jf 
uiimlj«r  of  rod  iJke  »t  pnimttic  pieces  ^y  maf^rrmtlüii   In      glVe    tO    the    columil&r  epl- 

**^^'  theltal   cells   in    question 

vtTy  much  the  appearance  of  ciliuted  elements. 


l.e 


It^ 


The  nature  of  this  cell-border  on  the  free  surface  of  the  columnar 
fjpithelia  juat  mentioned,  lea v us  no  room  to  doubt  that  the  layer  is 
produced  by  the  cell  itaidf,  and  "not  deposited  on  its  membrane  from  with- 
out in  «ome  way  or  other. 

Dut  many  other  formatiuns  leave  us  less  cer- 
tiiin  as  to  their  origin.  These  may  occur  lying 
beneath  cells,  or  again,  on  the  exterior  of  large 
collections  of  t!ie  latter,  in  which  coüse  they  re- 
present continuous  layers,  capsules,  sacs,  blind 
follicles,  tube«,  Arc,  formations  which  all  cor* 
respond  in  their  struct urcles^j  tiiiiis parent  appear- 
ance» and  usually  in  their  insolubility,  and  in 
consisting  of  some  material  allied  to,  if  not  iden- 
tical with  el  as  tin. 

Thus,  underneath  the  coatings  of  ept theltal 
cells  which  cover  diflferent  mucous  membranes  of  the  body,  a  transparent 
jay  er  may  frequently  be  observed  with  varying  degrees  of  distinctness 
(fig,  7G  c  c)*  This  is  the  so-called  üitertriediafe  jnmnbranß  of  Jhnh  or 
haaemmt  ntemhrane  of  the  English  investigators,  Todd  and  Botnnctti, 
There  appear  in  like  manner  transparent  lamina  underneath  the  e  pi  the- 
ilum,  clotliing  tlie  anterior  and  posterior  aurfacea  of  the  comesu 


Ft  IE.  7C^Diüp^Tn  of  a  und'MifJS 
mi^mbriunv  covcitHl  with 
colnitinn]'  upUhflkiTn,  ^  tTift 
ff'^ll«;    b  h,  lutcrAtUlat  vah- 

f  nd A";  r  c  ( rmn  nimreii  t  fo jr r  ; 
J^    fllintii»     rlttue    of    tbo 
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III  our  opinion,  the  latter  glAöa-Hke  siiHepithelial  atraU  hnvo  nothing  to 
do  with  tho  ceils  of  this  tisstio,  th^y  uro  inoro  probably  modi  tied  Hmiting 
liiyerB  of  tho  cQUUocttvo  Usaiio  of  oortiea  fiiiil  mucosii* 


/ 


Iflg.  77  — 0liiti4>  fmn»  tho  Jjtritfl  StiieitütHi 
of  the  Tuhhn  i   PHM  rullkl«  with  csr<|lt 

Jfinbbf^fKi  jEiTt>/«in«  hm»  it>itiBlnc4  &iiu* 


fig .  Tt/^FollicIc  f pvni  rhc  Uift«  Irti^iUiii  of  tlt€ 

^A  p^rtliUly  vlilblo;  *t  ft.  the  cor^tflfiii  h*« 
vwig^  thn^ugh  ft  «lu  In  ih«  iAtitr  tuembriirte. 


A«  we  have  jtist  rcmarked»  there  occur,  enveloping  certain  groups  of 
collti»  bonKJgeiit'ou&i  laytira,  constituting,  eäiHiciuUy  amouij  tlio  gliuiduliir 
«tmcturGs,  whixi  i»  known  aa  the 
Mfunhrana  propria^  i,r%,  n  Irans* 
|iiirrnt  tunic  investing  t!;e  glunil 
iintl  ileternüuiuj;  iU  elmpc,  i\s- 
^A'^4i  lis  thiit  ol  iu  sevoriil  parU;, 
and  on  thiü  uctüunt  of  much  im- 
p<irtanüc?.  Of  ihvim  njüiuVjranra 
arti  formed  tliu  viMt  uudtitud«» 
of  fuUiculiir  gknUs,  Imving  tUo 
•hape  of  long  mirrow  punches 
iBgs.  77,  7^  a),  whilst  in  (bono 
Urn  widijly  djslributi'd  group  of 
|»Oftmofo  glanils  the  hii\i*t  uro 
_  jjlaced  by  unnjbörs  of  flnsk' 
fthnped  saccule«  i>ackt!d  ^bst'ly 
toguilier  ((ig.  79). 

But  alio  around  aggnegationa 
of  embryonic  cell«,  doatined 
latAf  on  to  btfcomo  dohn ite 
Btrnoturt'i,  druilar  tninspiu^i^iii 
envüjoiH?a  are  tu  bo  tnurjd,  na,  ^^k  '*^ 
for  iiHtance,  aiNJund  the  rudi- 
luentary  It  u  man  hziir,  as  fiointed  aut  by  KveHikef  (fig.  80), 

Such  hi»mi»i;t/noua  muuibmnes  liATd  been  reganfed  Viy  Boine  ag  pruduced 
by  the  iohditieation  of  a  secrt^tiou  from  the  cclk  thuuiBtilvis, — u  Uteory 
wliieh  is  not  at  all  weakened  by  the  fact  of  the  separation  of  tht3  trans- 
parent enviJop*^  fruni  the  ct»lla  by  which  it  ie  formed,  nor  that  it  outlasts 
the  elements  from  w^hich  it  haa  had  its  origin.  It  h>  ho^ever^  ditBcult  to 
explain  why  in  an  a^regation  of  cells  idonticaliy  the  ^init.%  onJy  thos€ 
»ituaiod  externally  should  [loaseaa  the  power  of  genemting  aueh  a  ae^rv 
tioii. 
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Fl«.  §0,— Rudiment»  of  a  hiir  (rmn  ft  Iutiii«n 
emlirTfl  til^toen  wecki.  old.  a  b,  ciitkular 
Imyer«;  m  w^ceJl*  of  llic  njiUnivn^Ary  hilri 
b,  tnam^itiKRl  iHferiiDTctüptpg  tine  Utter, 


In  fact   close  observation  teaches  hare  also  timt  the  structures  in  qu(»- 

tiou  are  merely  modifieil,  limiting  by  ere 
of  the  fibrous  tissue  of  the  cutis.  And 
although,  in  most  gkmUiIar  organs  thb 
may  arrive  at  such  a  degree  of  iijJepen- 
dtnce  ai  allows  of  it3  isolation ,  still  tlitiro 
are  other  glands  destitute  of  such  a  mom- 
braua  propria,  and  in  which  the  groups 
of  cells  are  simply  embedded  in  a  pit  in 
the  mucous  tissue^  bounded  by  homo- 
geneous transparent  connective  sub- 
atancs. 

The  consideration  of  these  points  in* 
trodaces  us  to  a  doctrine  in  histology  originating  with  Schwann,  which 
for  a  long  time  exercised  great  influence  over  the  progress  of  development 
of  the  science,  and  rugulatiHi  the  views  regarding  the  formation  of  celb. 
We  refer  to  his  theories  respecting  '*  cy toblas*  | 
tiinja/*  or  the  '*  ground-aubstanco  "  of  tsssiiei, 
which,  when  occurring  between  cellular  ele- 
ments is  known  as  **  intercellular  substance/' 

If  wo  direct  our  attention  to  portions  of  the 

body  consisting  mainly  of  cells,  we  frequently 

Jind  the  latter  so  closely  crowded  together  that  I 

they  corao  into  immediate  contact  one  with  the 

other,  so  that  at  first  nothing  is  tobe  seen  ot  the 

matter  lying  between  them  which  holds  theui 

together,  and  to  which  the  name  of  tisintfl-fefWfnt 

Tliia  is  the  caae,  for  instance,  in  some  of  the  epithelia, 

such  as  the  tlattened  specie^,  which  linc^  the  in* 

ti-^rnal  ßurfaces  of  scfoua  cavities  and  blood- vesnels 

(tig.  81), 

Again,  lasers  of  cells  are  to  bo  found  in  whioh 
a  connecting   medium   is  apparent  between    the 
several  elements  of  the  tissue,  though  perhaps  only 
ia  small  quantity,  as,  fur  instance,  in  columnar 
epithel iu 111  already  mentioned  {(i^.  S2). 
When  the  cells  of  a  simple  tissue  become  more  widely  separated  on  the 
other  hand,  the  iEitercelluhir  substance  in- 
creases more  and  more  in  amount,  and  conj- 
mences  to  determine  the  consigtcnce  of  the 
whole  tbsue.    Cartilage  «upplies  us  with  per* 
haps  the  best  example  of  thia  (Jig.  83), 

This  intercellular  subetance  is  of  many 
kinds,  botli  as  to  appearance  and  com}>osition. 
Thus  we  meet  with  it,  for  instance,  perfectly 
trans  paten  t^its  most  usnal  fcnii — without 
granules,  &c,,  as  bi?twcen  the  cells  of  epithe- 
lium. In  many  species  of  cartilage  it  is  milky 
white ;  in  others  finely  streaked  to  a  greater 
or  less  extent 

An*^*thcr  kind  of  cartilage,  known  as  the  ^^  elastic  '*  or  "  yellow,"  presents 
a  most  peculiar  appearance  :  in  it  the  intercellular  matter  is  made  up  of  u 
t&ngle  of  irregularly  interlacing  bands  and  fibres  (fig,  84). 


ri^.St. — Simple  fiariened  epUh<^- 
bmuift;  bs   from  tlüä  U]itüg   ot 

may  be  givcin. 


FW?«  01. — Cnlutntiar  ceTti  wUh 
hit«n:cl]u1«r  »ub«tiJtGCt  h  b. 


^  a 


titrm*  frith  huinoflrnr^iti«  ItituTcrl» 
ioLir  ■Bb*t3»iCQ  tfa*gmiiiinittk^ 


ELEMENTS  OF  STRUCTURE. 


87 


Fig.  84<— Flbro-retictüar  oartil&ge 
from  the  human  epiglottis. 


Chemically,  iutercellular  substance  may  either  appear  as  a  fluid  con- 
taining albuminous  matters  in  solution  (blood,  lympli),  or  as  a  jelly  com- 
posed of  gelatinised  protein  compounds  (many 
foetal  tissues),  or  as  coagulated  metamorphosed 
albuminous  substances  (epidermis,  nails),  or  as 
glutin-yielding  tissue,  such  as  chondrin  (in  per- 
manent cartilage),  or  finally  as  elastic  material 
(in  elastic  or  yellow  cartilage). 

Now,  by  Schwann  this  intercellular  substanct» 
was  regarded  as  the  primary  structure  in  which 
he  supposed  the  cells  subsequently  to  take  their 
origin, — a  view  which  was  favoured  iot  a  very 
long  time  by  the  greater  number  of  histologists. 
The  fact,  however,  that  in  the  earlier  periods  of  fatal  life  no  intercellular 
substance  is  found  between  the  cells  of  growing  tissue,  seems  to  point  to 
another  conclusion  (especially  when  viewed  in  the  light  of  present-day 
science),  namely,  that  the  matrix  is  a  product  of  the  secretion  of  the  cell 
itself,  or  a  metamorphosed  peripheral  portion  of  the  cell-body,  the  con- 
tribution of  each  element  fusing,  of  course,  into  the  common  mass. 

And,  indeed,  there  are  appearances  in  cartilage  which  admit  of  no  other 
explanation.  Thus,  we  not  unfrequently  remark  that  the  peripheral 
capsular  layers  surrounding  the  cells  like  a  halo,  blend  into  the  adjacent 
intercellular  substance  without  any  sharp  lino  of  demarcation.  But  the 
appearances  presented  by  sections  of  cartilage  which 
have  been  treated  with  certain  reagents  are  of  far 
greater  importance  even  (fig.  85).  Here  the  ap- 
parently homogenous  matrix  of  fig.  83,  for  instance, 
is  resolved  into  systems  of  thick  capsules,  which  en- 
circle the  various  cartilage  cells,  or  groups  of  the 
latter  touching  each  other  at  their  circumference. 
We  shall  refer  to  this  again  further  on. 

But  if  blood,  lymph,  and  chyle  be  numbered 
among  the  tissues  of  the  body — which  may  be  rea- 
sonably done — their  fluid  intercellular  substance  is 
certainly  of  other  origin,  i.e,  not  produced  by  the 
corpuscles.  The  cellular  elements  of  lympli  have  rather  wandere«! 
actively  out  of  the  lymphatic  glands  in  part,  and  have  been  partly  carried 
out  with  the  currents  of  the  fluid,  just  as  a  stream  may  sweep  away  por- 
tions of  its  banks,  and  transport  them  to  a  greater  or  less  distance. 

§54. 

In  a  former  section  we  have  already  considered  I  he  question,  how  far 
the  growth  of  parts  depends  upon  a  simple  enlargement  of  cells  already 
present,  and  how  far  upon  an  increase  in  the  number  of  the  cellular 
elements  of  which  the  part  is  composed.  We  have  seen  that  the  last- 
named  mode  of  growth  is  the  rule:  cellular  structures  increasing  in 
volume,  usually  show  a  multiplication  of  their  elements.  The  cell,  like 
all  organic  formations,  is  a  transient  structure,  and  in  all  probability 
invariably  endowed  with  a  term  of  existence  far  shorter  than  that  of  tlie 
body  generally,  and  which  may  be  named  in  many  cases  exceedingly 
brief  when  compared  with  the  latter.  It  stands  to  reason,  then,  that  it 
must  either  possess  the  capability  of  proliferation, — of  reproducing  similar 
structures  to  itself,  of  generating  a  progeny, — or  whole  families  of  cVIs 


Fig.  8Ä.— Thyroid  cartilage 
of  the  pig  ti-eated  with 
bichromate  of  potash  and 
nitric  acid. 


MANUAL  OF  HISTOLOGY. 


rau&t  be  producöd  independently  of  tbose  originally  present  by  a  speciea 
of  spontaneous  generation  in  the  tissties  tbemselves. 

That  animal  cells  really  possess  tbe  praperty  in  question,  ia  indicated 
by  tbe  processe«  of  segmentation  which  liave  been  Jong  known  to  take 
place  in  them,  to  which  attention  was  directed  many  years  ago  by  Memuk^ 
and  which  have  since  then  K^en  olisen^ed  over  and  over  again. 

Division  of  cells  ap]*ears  invariably  to  depend  upon  the  vital  contmc- 
tility  of  their  protoplii^ni,  and  to  be  an  im|xissibilily  so  Roon  as  the  call- 
body  beeomea  transformed  into  other  substances.  It  is,  therefore,  essen ti- 
ally  a  vital  property  of  young  eella.  The  procesa  of  segmentation  may 
either  take  place  in  cells  destitute  of  membranes,  or  in  those  contained 
within  capsules.  Owing  to  this  the  occurrouoe  is  variously  modified* 
When  the  division  takes  place  in  membtanalesa  elements,  the  whole 
structure  is  constricted  until  separation  into  two  halves  occurs;  while  in 
those  wliich  fKjssess  an  envelope  or  cafisule^  the  latter  remains  unatfwted 
by  the  prf>cess  which  divi^iea  the  cell  within  it.  The  la^t  variety  is 
known  as  ^-^  endogenous  multiplication  or  cell  growth," 

L  Division  of  naked  cells^  or,  as  it  may  he  called,  free  segmentation, 
can  be  observed  accurately  in  the  white  corpuscles  of  the  blood  of  young 
mammalian  animals  and  embryonic  btojs.  In 
the  first  (fig,  86)  we  usually  find  a  rotind  nucleus 
(a)  in  a  spheroidal  cell.  When  segmentation  is 
about  to  take  place»  the  former  hmomm  some- 
what elongated,  and  is  shortly  after  absarved  to 
be  marked  by  a  slight  transverse  condtnetion, 
the  whole  cell  assuming  at  the  eame  time  an 
oval  fonn  (&),  This  transverse  furrow  on  the 
nucleus  tijen  deepens  more  and  more  until  the 
latter  is  finally  divided  into  two  pieces  (c), 
which  at  first  lie  very  close  together,  indicatbg 
their  origin,  but  soon  begin  to  sepamle  from 
one  another  (d).  On  this  the  body  of  the  cell 
imdergoca  the  same  constriction  {commencing 
either  at  one  side,  or  regularly  all  round),  whicli 
causes  the  cell  to  assume  a  form  likened  at  tim^a 
to  a  double  loaf  (e)*  Later  on  there  only  exists  a  narrow  band  of  con* 
noction  between  the  two  portions  of  tl*e  body  (/),  which  is  finally  com- 
pletely severed,  giving  rise  to  the  formation  of  two  cells.  By  subsequent 
growth  these  rapidly  attain  the  typical  dimensions  of  such  elements.  In 
tbe  embryonic  chick,  an  easily  obtainable  object,  the  nucleoli  may  be 
first  seen  to  undergo  the  process  of  division  within  the 
nucleus.  This  fact  has  l:>een  improperly  denied  by  some 
in  connection  with  embryonic  blood  {Billroth), 

But  the  process  of  segmentation  doc^  not  always  occur 
with  the  regularity  of  the  example  just  cited.  Thus,  in 
the  frog  division  is  described  by  thnuik  as  occurring  in 
Such  a  manner  as  to  produce  frf»m  a  single  corpuäclo 
throe,  four^  or  siK  cells.  In  other  respects,  however,  and 
AS  regards  nucleus  and  body»  the  process  is  sintilur  to  that  of  simple  ckoviüiF 

Those  very  remarkable  formations  knoivn  as  "giant  cells"  (Rieseniel- 
len)  (fig,  64,  p,  72)  am  produced  by  roultipli cation  of  the  nuclei  with* 
out  corresponding  segmentations  of  the  body. 


1 1^.  ^.--BlMKl-isorpoKliii  tt9m  & 
i'ountf  deer  etnbnro..  a  it  a, 
i|»beroldjü  cell i ;  b^  legmeDU^ 
tkoo  of  tbe  ume. 


Flir*ST.— A  edl  fhjm 
Into  Ihm  poftloDi 

(«Iter  JlMMt|. 
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§56. 

2.  Pawing  on  now  to  the  consideration  of  segmentation  in  cells 
endowed  wiüi  a  wall  or  capsule,  we  find  perhaps  the  best  example  in 
the  cellular  elements  of  cartilage.  Endogenous  growth  in  the  cells  in 
question  does  not  take  place  with  the  same  simplicity  as  in  the  process 
just  referred  to,  and  is  a  phenomenon  the  details  of  which  are  not  yet 
fully  known;  so  that  in  the  following  description  much  tiiat  is  hypothe- 
tical must  be  advanced  to  supply  points  upon  which  we  possess  no  certain 
information  yet  (fig.  88). 

The  nuclei  of  naked  cells  enveloped  in  secondary  capsules  (b)  are  found 
at  first  to  possess  a  single  nucleolus  (1).  On  the  commencement  of  the 
process  of  division  this  becomes  double  (2);  upon  which  a  transverse 
furrow  may  be  recognised  in  the  nucleus  (3);  by  the  deepening  of  this 
furrow  the  latter  is  eventually  divided  into  two  segments  (4);  which 
then  recede  from  one  another,  thus  initiating  the  constriction  of  the  cell- 
body  (5) ;  on  the  completion  of  the  latter  act  ^6),  two  perfectly  distinct 
cells  (7)  are  found  within  the  capsule,  which  nas  remained  throughout 
entirely  passive.  These  new  elements  are  known  as  ''daughter  cells," 
while  the  original  cell,  or,  more  correctly  speaking,  the  capsular  membrane 
of  the  same,  has  received  the  inappropriate  name  of  "  mother  cell,"  or 
parent  cell. 

Now,  if  this  sketch  be  correct,  the  only  diiference  existing  between  the 
simple  division  described  at  (1),  and  the  latter,  consists  in  the  presence 
of  a  capsule,  so  that  in  a  blood- corpuscle  of  a  mammalian  embryo,  if  we 
imagine  it  endowed  with  an  envelope,  we  have  precisely  the  same  plan  of 
segmentation  as  that  of  cartilage  cells. 

But  the  division  of  the  latter  does  not  by  any  means  always  stop  here  ; 
in  both  daughter  cells  the 
same  process  of  segmentation 
may  be  repeated  until  the 
capsule  includes  four  of  them 
(8),  around  which  capsular 
formations  are  eventually  de- 
veloped (e).  So  by  a  repe- 
tition over  and  over  again  of 
the  same  acts,  whole  genera- 
tions of  new  cells  may  be 
produced  within  a  common 
capsule  (9). 

On  the  fusion  of  this 
envelope  of  the  parent  cell 
with  the  surrounding  in- 
tercellular substance,  the 
daughter  cells  may  eventually 
appear  to  lie  free  in  the 
matrix.  Part  of  the  cartil- 
age cells  which  have  multi- 
plied on  the  above  plan  assume  an  apparently  free  condition  in  this 
way.     Others  again  remain  permanently  enclosed  in  the  parent  capsule. 

The  ovum,  after  fertilisation  has  taken  place,  presents  to  us  a  similar 
process  of  cell-division,  of  the  utmost  anatomical  and  physiological  moment, 
known  as  yelk-segmentation  (fig.  89).     The  mode  in  which  this  tnkc^ 


Fig.  88.— Plan  of  dividing  cartilage  cells,  a,  oody  of  cclla ; 
ft,  capeulea;  c,  nuclei;  d,  endogenouR cells ;  e,  subMqaent 
formation  of  capenles  ai-ound  the  latter. 
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f^g.  S9d — SL'pucQlalion  of  the  jnmjnwfdHn  ovum  fhiilf- 
dUMCrmnimBtk).  I,  YMk  cleft  In  two;  ■?,  farthcrntiMtvulFil 
Into  four  sjihanilt»  («list  wUh  iiudi:i;  &,  a.  }xrgc  numbtfT 


place  in   the  niÄmmalia  is,  unforkinately,   not   yet  conclusively   äbcöt- 
tiiined.     The  primordial  nucleus  of  tlie  ovtun^  however,  known  a^  tbü 

germinal  vesicle,  secrnii  lirst 
to  disappear  j  after  t\m  two 
/^^^^L  ^^  .\  ^^^^^„^^^  Inmaparent  spots   are  seen, 

>^fl^^^^^^^\  ^''i^^^ÄS^"^  ^^^*^  ^"^^  nucld,  and  tircmmi 

/^^^■B^  ]  //J^^^4  ^^^^'^^^  ^^'^^  ^^  -^"^  ceU-bmly  or 
ij^fe^^^^B;  I  f  '^'^^l^^lfn  yi^l^i^J^hichnaiDeihel(itU<r 
KS^HH^V'  /         I  i^^^^BVn     ^^  known  bare  (I),  By  further 

formed  from  these  two  e^*g- 
ments  (2) ;  and  fitsm  these 
a^win  eight,  and  so  on,  until 
bnully,  in  consequpneo  of  rc- 
|>eated  segmentation,  the  cap- 
sule of  the  ovum  contains  a 
muUitiide  of  small  iiucleatcil 
cells  (3.  4).  From  the  latter 
the  first  rudiments  f*f  the 
embryonic  body  are  formed ; 
from  them  spring  all  nortnol 
and  pathological  forra-ele- 
ments ;  they  are  the  most 
impoi-tantand  hi  j^hly  destined 
cells  in  the  whole  system. 
Through  out  the  whole  animal  kingdom  this  segmentation  of  cells  is 
observed  in  the  ovum.  Those  cases  are  particularly  instructive  in  whicli 
the  original  nuclena  of  the  egg  (germinal  vesicle?)  (seen  among  some  low 
gmups  of  animals)  ia  found  to  remain,  and  in  which  the  phenomena  of 
segmentation  nmy  then  be  followed  up  with  the  greatest  caao  on  the 
nuclei  with  distinct  nucleolir  which  have  taken  their  origin  from  it.  It 
ia  to  be  hoped  that  further  research  may  lead  to  the  same  results  in  regard 
to  the  mammalian  egg,  and  thus  rid  the  theories  of  yelk-segmentation  of 
many  contradictions  and  difficulties  which  at  present  offer  such  unpleasant 
obstacles  to  true  progress. 

As  regards  the  mechanism  of  the  process  of  segmentation ,  science  is  not 
yet  able  to  give  any  eatisfactory  explanation.  There  can  be  no  doubt, 
however,  that  the  vital  contractility  of  the  cell-body  plays  an  important 
part  in  it ;  for  only  in  young  elements,  ie  ,  containing  protoplasm ^  do  w^e 
observe  the  process  of  multiplication  to  take  place.  Were  it  the  case  that 
both  cell  and  nucleus  were  always  similarly  affected  by  the  act,  we  might 
suppose  the  latter  to  be  simply  divided  pnasivcly  by  the  constriction  of 
the  protoplasm.  But  this  is  contraindictitfid  by  the  occurrence  of  two 
nucleoli  in  a  still  simple  nucleus,  aa  also  of  two  nuclei  widely  separated 
from  one  another  in  a  celhbody  which  has  as  yet  undergone  no  change 
(fiR.  86<r). 

One  fiict^  adduced  from  extended  observation,  is  of  great  importance, 
namcdy,  that  the  whole  process  of  division  may  be,  and  usually  is»  com* 
üonipleted  very  rapidly,  j^robably  within  the  space  of  a  few  minutes.  This 
enables  us  to  comprehend  the  enormous  proliferation  of  cells  which  we  not 
unfref|nently  meet  with  in  pathological  pmcessea.  It  also  explains  the 
fact  that  cells  engaged  in  the  act  of  segmentation  are  comparatively  rarely 
mot  with»  even  where  the  liveliest  plaatic  processes  are  going  on  in  an  organ» 
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§66. 

The  question  now  arises,  whether  in  the  two  processes  of  segmentation 
of  animal  cells  just   descrihed,   the   entire  act  of 
multiplication  of  the  elementary  parts  in  question 
is  contained,  or  whether  the  cell  may  not  produce 
similar  elements  in  other  ways. 

A  kind  of  gemmation  has  been  observed  on  the 
nuclei  of  both  normal  and  pathological  cells.  This 
was  found  years  ago,  by  Koelliker,  to  take  place  in  the 
large  colourless  cells  of  the  spleen  of  young  mammals 
(fig.  90).  In  these,  from  three  to  five  or  more  nuclei  may  be  recognised 
clinging  together,  displaying  a  peculiar  modification  of  the  process  of 


Fig.  90.— Coloarless  blood- 
colls  from  the  spleen  of  a 
kitten. 


Fig.  91. — SnppoBed  formation  of  pus-cor- 
pasdcs  in  the  interior  of  epithelial  cells, 
from  the  human  and  mammalian  body, 
«k  simple  columnar  cell  from  the 
human  biliary  duct ;  &,  another  with 
two  pus-corpiuclcB ;  f,  with  4,  and  c/, 
with  many  of  the  latter;  e,  the  latt«r 
isolated;  /  a  ciliated  cell  from  the 
human  respiratory  apparatus,  contain- 
ing one  pus-corpuscle ;  and  (g)^  a  flat- 
tened epithelial  cell  from  tlie  human 
bladder,  with  a  large  number  of  the 
same. 


Rg.  92.  —  Psomspermia  in  the  interior 
of  epithelial  cells  fnim  the  small  intes- 
tine of  the  rabbit.  1,  Simple  epithelial 
cell;  2  and  8,  nuclear  multiplication; 
4  and  5.  columnar  elements  with  single 
psorospermia  cells ;  6,  with  two ;  7, 
with  a  lariro  contained  body ;  8,  with 
two,  without  the  cell  nucleus;  9,  divi- 
sion of  contained  body ;  10  and  11, 
cells  with  perfect  psoro5pcnnia  (the 
latter  are  marked  by  6,  tliu  cell  nuclei 
by  a). 


division  in  .the  nucleus.  I  have  myself  observed  something  similar  in 
modified  columnar  epithelium  from  the  small  intestine  of  the  i-abbit 
(fig.  92,  3). 

Gemmation,  as  a  mode  of  multiplication  of  whole  cells,  has  not  yet  been 
met  with  in  the  human  body  or  that  of  the  higher  animals. 

Of  late  years  another  remarkable  process,  apparently  of  cell  formation, 
has  been  observed,  in  which  the  proto-plasm  of  the  original  cell  becomes 
transformed  into  one  or  more  new  cells,  possessing  completely  different 
characters  from  the  cell-body  from  which  theyhave  had  their  origin. 

It  is  thus  that  pus-corpuscles  are  supposed  to  be  produced  in  the  interior 
of  different  epithelial  cells  of  the  human  body  under  inflammatory  condi- 
tions (Remakj  BuhJ,  Efntrthj  and  others). 

Fig.  91  will  give  some  idea  of  the  case  in  point.  Here  we  have  ordi- 
nary columnar  cells  (a)  containing  two  (b)  or  four  (c)  pus-corpuscles,  the 
regular  nuclei  remaining  visible.     Such  cells  may  also  be  encountered  in- 
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cludiiig  a  still  larger  number  of  pua-corpuscles,  and  altered  in  their  ahapo 
on  that  account  (d). 

On  being  liberated  from  the  celb  in  which  they  have  been  contnined, 
these  structures  display  all  the  characters  of  pu8H:orpuscles  (e).  But  even 
in  ciliated  cells,  such  as  ate  to  be  met  with  in  the  mucous  membraue  of  the 
respimtoiy  organs,  th^e  pus-cells  may  be  found  (f),  bh  also  in  the  flattened 
epithelium  of  the  bladder  (^).  Such  things  are,  however,  capable  of 
another  explanation.  Pua-corpiificksj  elements  whose  vital  contractility 
is  beyond  a  doubt  (§  49),  may  have  wandered  into  the  epithelial  c^lla 
from  without.  Such  wi  immigration  of  strange  elements  has  been  proved 
to  take  place  recently  into  the  cells  of  some  morbid  growths  {StetMienery 

The  same  appearances  are  presented  farther  by  psorospermia,  peculiarly 
puzzling  single- celled  structures,  which  are  frequently  to  be  found  in  th« 
bile-ducts  and  intestinal  canal  of  rabbits,  ami  which  are  lüok«äd  upon 
parasitic  organisms  (fig*  92). 

§57. 

Of  the  various  modea  of  reproduction  or  prol if e ration  of  animal  cell% 
that  wlucb  goes  by  the  name  of  endogenous  growth  has  been  long  known, 
although  its  details  hiive  been  variously  interpreted.  But  it  is  only  com- 
piratively  recently  that  segmentation  has  lieen  generally  recognised»  and 
mainly  so  through  the  numerous  proofs  adduced  by  two  observers,  Memuk 
and  Virchow— the  first  from  the  wide  field  of  embryology,  the  latter  from 
patbology.  From  them  emanated  a  contradiction  of  a  doctrine  put  forwani 
by  Schwami^  which  influenced  for  a  long  time  all  otir  views  in  regard  lo 
hiatogenesis ;  and  the  opposition  soon  became  so  widely  supported  a&  com- 
pletely to  throw  Schwmm's  theory  into  the  shade. 

According  to  the  latter,  animal  cells  are  formed  tree,  that  is,  indepen- 
dently of  any  previously  existing.  ** There  is,"  my&  he,  "either  in  those 
cells  already  present  or  between  tbemi  a  structureless  suhfltance,  %h%  cell- 
contents  or  intercellular  substance  ;  tbis  matter  (cytoblastema)  poasesses  in 
itseU^  to  a  gre^iter  or  less  extent,  according  to  its  chemical  constittition  and 
degree  of  vitahty,  the  power  of  giving  rise  to  new  cells.  The  geneais 
of  cells  represents  in  organic  nature  what  crystaiiization  does  in  inorganic.'' 

In  the  first  place,  says  Schwann,  there  springs  np  in  this  cyto* 
blastema  a  minute  corpuscle,  namely,  the  nucleolus,  and  owing  to  the 
attraction  of  this  body  for  surrDioidiag  molecules  of  matter,  layers  of  theee 
are  precipitated,  as  it  were,  around  it,  giving  rise  to  the  nudeuiL  By  a 
repetition  of  the  process,  a  second  layer  is  deposited  upon  the  lattefi 
which,  though  difiTering  froui  the  surrounding  medium,  is  not  yet  sharply 
defined,  but  becomes  so  later.  This  deposit,  hardening  externally^  forma 
the  euhstance  and  wall  of  the  celL  At  the  commencement  the  newly 
formed  envelope  lies  closely  round  the  nucleus^thc  cavity  of  the  ceil# 
and  with  it  the  entiro  structure,  being  stiU  amaU,  but  the  wall  inareASos 
subsequently  in  eijge,  and  the  whole  obtains  finally  its  specific  con  ten  te. 

To  this  was  added  later  another  theory,  according  in  which  tlie  nucleus 
of  certain  cells  is  eneluGed^  in  the  first  instance,  by  the  future  specific 
content«,  and  then  ouly,  artjtind  this  mass,  containing  in  ita  loterior 
the  nucleus  (tl»e  so-called  ** enveloping  sphere")^  is  formed  a  wnll  by 
solidification  of  part  of  the  deposit,  which  brings  the  whole  structure  to 
completion. 

For  many  years  these  two  modes  of  origin  of  the  animal  cell  appeared 
to  be  proved  beyond  all  doubt,  and  the  sole  differencas  of  opinion  which 
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miM^m^W^ih  m  to  the  prevaknca  of  one  or  otber  of  theiu.     The  occurrence 

vf  free  inmUi  wna  taken  m  conclusive  evideuce  of  the  pre-existence  of 

them)  strticturtJÄ,  although  all  were  obliged  to  admit  that  they  might  have 

been  l»i«jrale<l  by  destruction  of  the  body  of  the  cejl.     And,  indeed,  the 

I  oecnrrvnee  of  ctdls  in  such  fluidB  as  ly  raph^  mucua,  and  ptm,  appeared  to 

|be  capftbk*  of  most  plausible  explanation  by  means  of  this  tlieory  of  free 

oritjrn;  and  proÜferation  of  alreaiiy  existing  cells,  which  could  not  righlly 

be  denied,  was  yet  regarded  aa  exceptional.     *Ti9  true  thcit  this  epontaneous 

I  gienemtion  (Urzeugung)  of  animal  as  compared  with  vegetable  celluj  which 

'«pring  from  others  alrmdy  in  existence,  presents  a  strange  contrast  be- 

Iwet'U  the  construction  of  the  animal  and  vegetable  systems.     But,  on  the 

otht^r  hand,  the  rapid  development  of  pathological   histology  based  on 

I  ßchtcamis  work,  seemed  to  give  wi^ight  to  thtj  theoretical  viewa  of  thb 

itilenti^d  man  in  this  department  abo,     Tho  organisiiLion  of  exmbtions, 

formation  of  tumours,  Ac,  wens  interpreted  in  this  manner,  to  the 

_  port  of  the  theory  of  spontaneous  origin. 

On  Jietuffk'i  demonstrating  in  a  most  elaborate  mariner  that  no  s^ponta- 
neous  formation  of  cel!s  takes  place  in  the  enibryoa  of  inauimaUa.  but  that 
all  new  elements  have  their  origin  solely  from  division  of  previon.sly  exist- 
ing ones,  this  theory  of  the  gau ratio  mjidvoca  of  animal  ceUa  became 
untenAble,  a»  reganls  the  construction  of  the  cmbrj^onic  body  at  least 
Great  exertions  were  also  ms*le  by  Vtrchow  to  prove  that  for  the  growth 
of  pathological  tissues  also  (a  far  more  difücuU  and  okscure  subject), 
spontaneous  generation  of  the  cell  need  not  exist;  and  giving  up  all  earlier 
I  theoretical  conclusions,  he  conducted  bis  cafio  with  tbo  happiest  results, 
A  review,  likewise,  of  the  earlier  investigations  touching  the  cellular 
tiäsues  of  tlie  healthy  maturo  body,  sliowed  likewise  a  sc^ircity  of  free 
nuclei  at  those  points  wdiere  cells  were  being  formed  auüw,  and  led  to 
another  easy  interpretation,  also,  of  th€  existence  of  cells  without  mem- 
hnmes»  And  now  that  earnest  search  bej^n  to  be  made  for  those  already 
meniionctl  examples  of  cell  multi plication  whicb  had  been  up  till  then  so 
rarely  met  with,  they  were  found  to  exist  in  far  greater  number  tiion  waa 
fit  l^t  fiupi>0Be(l, 

Thk,  then,  may  be  regarded  a  turning-point  in  histological  science, 
Histologie ts,  us  a  rule,  have  now  abandoited  the  theory  of  tha  origin  of 
celk  without  parents,  accepting  in  its  Btead  that  of  formation  alone  from 
others  previously  existing,— though^  indeed,  still  to  a  certain  extent  in  the 
light  of  an  article  of  scientitic  faith,  it  must  be  confessed-  The  proof, 
namely^  that  spontaneous  generation  of  cells  in  the  system  doc8  not 
exist,  IB  not  even  in  the  present  day  capalde  of  being  establLt^hed  by 
facta  And,  indeed,  it  is  probable  tliTit  we  never  shall  be  able  to  adduce 
proof  that  such  spontaneous  generation  does  not  take  place  in  the  midst 
of  some  of  the  more  inaccessible  tissues  of  the  living  body. 

And  now  at  the  present  moment,  i-emem bering  the  former  state  of 
Rcienci*,  and  how  for  decades  these  theories  of  Sf.hwaun  were  clung  to 
generally,  and  with  an  amount  even  of  wantonness,  we  would  inculcate 
[^caution*  And  though  everything  now  seems  to  point  to  the  conclusion 
that  spontaneous  generation  of  animal  cells  does  not  tnke  place,  neverthe- 
less, it  seem»  desirable,  for  many  reasons,  that  the  old  view  should  still 
have  its  defenders  as  well  as  the  new  it«  opponents.  Thus  will  science 
he  compelled  to  put  forth  all  her  energies  for  the  accumulation  of  that  so 
indispensable  material  "  facts,**  in  order  to  set  her  dogmas  upon  a  firm 
foundation,  and  histolo^  can  only  gain  by  it. 


u 
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§58, 

Kow^  Its  to  the  decay  of  aiiimal  cells,  we  find  their  destinies  to  bo  Vttry 
Yarious. 

Firstly,  the  estistence  of  a  cell  may  tormitiatG  purely  mechanically;  it 
may  he  rub1>ed  or  peeled  off  from  its  bed.  Thus  we  sev  the  superticial 
scalo-Uke  ct^Us  of  the  epidermis  becoming  dry  and  hard,  and  losing  tht^ir 
nuclei;  at  the  samö  time  that  their  previously  secure  connections,  hy  means 
of  a  cementing  substance,  become  loose iiud*  allowing  of  their  easy  isepam- 
tion.  The  same  is  the  case»  also,  with  the  nucleated  surface  colls  of 
certain  laminated  epithel ia  of  mucoua  membranes,  as,  fur  instance,  of 
tbose  of  the  mouth.  Such  a  fleparutioo  aim  takes  place  from  some  of  the 
mere  simple  or  even  single-layered  epithelial  coatings,  although  not  to 
the  same  extent  as  was  formerly  supposed.  Thus  mucua  carries  off  some 
of  the  cells  of  the  locality  in  whieh  it  ia  pi'oduoed. 

This  mode  of  destruction^  however,  ia  the  most  rare,  the  cell  passing  on 
more  frequently  through  clmnges  in  its  con- 
sistence and  composition  to  decay« 

tsJ^^^C^^-.W'^'?  '*  ^^^^   ™^*'  ^^^^^  ^'^y^   probably,  in  which 

^^^/\^^'^^>r~y^  cells  are  destroyed,  ia  that  of  solution  of  their 
^!SÜ V'  *-\^  C  )  A  bodies,  and  in  the  case  of  those  possesamg 
membranes,  rupture  of  the  lotter,  w^ith  escap© 
of  the  contents»  and  eventual  liquefaction  of 
the  nucleus,  if  such  have  been  present»  In 
this  manner  it  3  a  that  bio  od- corpuscles  are 
supposed  to  disappear»  as  also  the  cells  which  clothe  the  cavities  of 
glands,  and  those  in  which  spennatozoa  are  developed*  Digested  in 
Urn  slightly  alkaline  fluids  of  the  system,  the  matter  of  which  the 
dying  cell  is  composed  is  often  transformed  into  a  substance  resembling 
if  not  identical  with  mucus.  These  occurrencesi  taking  placo  in  the 
gradual  dec^iy  of  the  cell,  are  of  interest  from  au other  point  of  view^ 

namely  I  from  the  fact  of  their  having 
l>een  misinterpreted  hy  the  adherents  of 
the  older  theorists,  who  reversed  the  order 
of  things  to  the  support  of  their  own  pecu- 
liar viow. 

We  occasionally  meet  among  the  moro 
delicate  epithelia  with  htjth  modes  of  de- 
cay side  hy  side.  Tbus^  of  those  cells  of 
the  intestine  covered  by  a  thiekeued  border, 
some  are  cast  otf,  whilst  *)thers  Jirst  undergo 
decomposition  with  solution  of  the  upper 
part  of  the  membrane  of  the  cell  and  escape  of  the  contents  (Jig*  94,  a). 

Another  change  to  which  the  body  of  the  cell  is  liable,  is  into  colloid 
matter,  a  much  more  stable  suhstance  than  mucin,  whioh,  in  contra- 
distinction to  the  latter,  is  not  precipitated  by  acetic  acid*  The  con  nee  ti^"© 
tissue  cells  of  the  plextt»  dtoroid^i^  and  the  cellular  elements  of  the  thy- 
K»id  gland,  are  specially  subject  to  this  degeneration. 

But,  again,  through  far  different  chemical  transformations,  so  to  speak, 
can  the  cell  meet  the  destiny  of  all  organic  things,  its  dissolution  being 
nt  the  same  time  hastened.  There  are  usually  two  kinds  of  deposits  of 
foreign  matter  to  he  found  in  the  lK>dies  of  cells,  which  may  make  the  latter 
incftpable  of  further  estistenca,  and,  curiously  enough,  of  substances  widely 
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distribated  throughout  the  systeni,  and  which  constitute  the  normal 
contents  of  the  cells  of  other  tissues.  These  are  (1),  neutral  fats,  deposits 
of  which,  for  instance,  cause  the  destruction  of  nume- 
rous cells  of  the  Graafian  follicle  during  the  forma- 
tion of  the  corpus  luteum  in  the  ovary  (fig.  95,  a). 
The  same  effect  is  produced  by  these  fats  on  the 
gland  cells  of  the  mamma  during  secretion ;  (2),  by  salts 
of  calcium  (phosphates  and  carbonates)  in  the  process 
which  is  termed  calcification.  We  meet  the  latter  very 
frequently  in  the  cells  of  many  cartilages.  Inhaled 
molecules  of  charcoal  may  also  accelerate  the  decay 
of  the  epithelial  cells  of  the  lungs. 

It  belongs  to  the  province  of  pathological  histo- 
logy to  show  that  the  same  modes  of  decay  are  largely 
met  with  in  the  pathological  processes  of  the  system, 
namely,  those  of  mucous  and  colloid  metamorphosis,  of  fatty  and  cal- 
careous degeneration;  likewise  that  forms  of  degeneration  appear  in 
diseased  states  of  the  tissues  which  do  not  exist  in  the  normal ;  as,  for 
instance,  the  amyloid  (§  21),  and  the  peculiar  withering  of  cells  in  tuber- 
culisation. 


Fig.  95.— Modes  of  de- 
generation of  animal 
cells,  a,  cells  of  the 
Graafian  folUcle  filled 
with  fat;  ft,  epithelial 
elements  of  pulmonarv 
lUveoll,  replete  with 
pigment. 


B.  The  Origin  of  the  Semaining  Elements  of  Tissue. 

§59. 

Now,  it  is  from  these  cells  of  which  we  have  been  speaking,  and  the 
substance  to  be  found  between  them,  that  the  remaining  elementary  parts 
of  the  animal  body  take  their  rise. 

But,  first  of  all,  let  it  be  borne  in  mind  that  it  is  by  no  means  possible 
everywhere  to  define  sharply  between  cells  and  many  other  elementary 
parts.  Though  we  have  seen,  in  the  preceding  pages,  that 
a  large  number  of  the  various  cells  preserve  their  cell- 
nature  unchanged,  or  with  but  slight  modifications,  from  the 
commencement  to  the  end  of  their  existence,  still  we  have 
also  become  acquainted  with  some  very  striking  transfor- 
mations in  their  bodies,  owing  to  which  they  may  assume 
the  most  anomalous  forms.  To  these  may  be  reckoned 
the  fibre-cells  which  make  up  the  un striped  muscle  of  the 
human  body  and  of  all  vertebrates.  Here  the  cell  has  be- 
come a  fusiform  fibre  owing  to  its  unsymmetrical  growth, 
and  the  nucleus  also,  though  to  a  minor  extent,  has  taken 
part  in  the  process  of  elongation.  While  in  this  example 
of  increase  in  the  length  of  the  cell  the  nucleus  has  also 
become  elongated,  'still,  in  other  similar  enlargements,  it 
may  preserve  its  originally  oval  shape.  This  is  the  case 
in  those  long  transparent  cylinders  consisting  of  globuline,  which  form  the 
fibres  of  the  crystalline  lens. 

On  the  other  hand,  in  some  structures  multiplication  of  the  nucleus  may 
accompany  excessive  elongation  of  animal  cells  to  form  tissue  elements. 
Thia  may  be  observed  in  a  very  abundant  tissue  of  the  body,  namely, 
in  striped  muscle. 

The  elements  of  the  latter  are  long  cylindrical  fibres  (tig.  97, 1),  of  vary- 
ing thickness,  which  possess    certain  contents  (2,  a)  enclosed  within  a 


Fl  jr.  96.  —  Contrac- 
tile fibre-cells. 
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strictufL*lc*ss  Bheath,  Thii  contained  euTistanc^  is  seen,  with  Tarying  du- 
greee  of  distirjctueßs  in  different  emm^  to  he  marked  by  fine  longitudmal 
line»  combined  with  transverae  striation,  and  to  be  studded  with  nuclei 
(d  d)  at  short  interval»;  these  nudei  &m  enrrounded  each  with  a  small 
amount  of  protoplasm. 


W\g.  91. —I,  hibit  of  AtrlpriJ  tniiicl«  split  ni^intiw 
fKiimUl^o  fVbHILe«  a;  more  dUtJnctry  striped 
■t  b,"  ]aiiKitudlnat  line«  mort  Hütblci  mi  €i 
iiiu*Iel,  If  aF.  2,  A  flhrr-,  A  b;  ton»  tlironfh^  wirK 
empty  Bh«ath  riartilaUy  «fpnmtcMl,  d.  (Cofujed 
from  Bov^iinU 


f]jK^Vk—B\tie^t  of  d«r«lopTnPtit  Ln  the  tar- 
ttif-tiwn  ^vÜ  ist  the  vrTl)»(i  inuwile  Sbre  a( 
llie  trüg^    (After  Mtmak.} 


Lelm'fji  atid  Ii^mak\  as  well  as  more  Tecenb  investigaUanSi  have  shown 
that  each  of  the^^e  librea  ha^  its  origin  in  a  singlo  cell. 

In  the  i'ornmtive  celb  of  frog's  muscle  (Hg.  98),  (Ihe  usual  nBcleatcd 
eletnenta,  with  gmnuiar  ])ri>toplasm,  of  which  the  hod)'  of  Ihe  enihryo  u 
fonncd)i  aegmentation  to  ay  he  recognised  as  elsewhere  (ii).  ISy  the  gti>wth 
af  the  cell  and  niuJtijilieation  of  the  nucleus  by  division,  the  whole  strtic- 
ture  assumes  the  appearance  sketched  in  fig,  98,  h.  Later  on  tho  dark 
gmnules  disappear  from  the  elongated  cellf  and  the  chamctcristie  trans- 
verse streaking  conimences  (c  d  e).  Finally,  by  continuous  elongation 
and  cansUnt  multipheation  of  the  nuclei,  the  cells  lake  on  the  form  in- 
dicated by/,  wliere  the  longittulinal  lines  are  commencing,  and  the  muscle- 
fibre  has  alniost  reached  its  fiiH  development,  *  The  origin  of  the  nuclei 
in  fig<  97  { I ),  is  thus  cleaved  up.  But  it  muat  not  be  supposeii,  as  waa 
formerly  the  case,  that  the  atructurelesg  sheath  (&)  corresponds  to  the  cell- 
niembrane ;  it  is  rather  a  matter  depoeited  ejiternally  on  the  fibre. 

§60 

From  what  we  have  seen  of  the  mode  of  develrjpment  of  striped  musol©- 
fibres  in  the  preceding  section,  it  is  clear  that  many  cells  may  undergo 
considerable  tmnsformation  without  in  the  least  forfeiting  their  indivi- 
duality* 
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But  it  ia  ot^ierwise  in  tlie  conatruction  of  some  tisauea,  in  wiiich  the 

varioaa   cdb   eommenae   to  cohere 

ftnd  fuse  more  and  more  into  on© 

ttnolher,  losing  eventuaiij,  in  miiny 

initanccSj  their  independence  com- 

pl*!t<ily.     By  such   eeries  of  metw- 
Ljnorphodes  (iind  they  occur  wiJel)^ 
ougliout  thtt  anitnal  system,  and 

are  therefore  of  the  greatest  impor- 
tance) netivorks  ofuolls^  tubes,  fibrea, 
^aud  audi  like,  may  be  formeit  The 
liangea  in  question  are  of  the  most 

vaiioiis  kiiid,  bat  cannot  be  de- 
Ifcribed  in  all  case^  with  desirable 
i^ccamoy.  It  will  iuffiee,  however, 
take  a  few  of  the  better  known 
^sample?. 
The  finesst  tubes  in  the  circulatory 

ayatem^  namely,  the  capiUariea  (fig* 

90»  ^,  a  6,  and  B^  «),  are  found  by 

ordinary  eiamination   to  be  made 

up  of  a  delicate  tmnsparent  mem- 
brane', in  which  nuclei  are  imbedded 

at  inter^'als.    Until  a  few  years  ago, 

thia  was  generally  thought  to  be  the 

entire    stractare    of    the    capillary 

tubes»  whose  development  was  ex- 
plained  in   tlie  following  manner. 

Formative  cella  were  ss  up  pose  <  I  to  fuse 

together,  the  cavities  of  the  celb  to 

IxKtome  the  lumen  of  the  tu  lie  by 

opening  into  one  another,  and  tlio 

walls  of  the  celb  w^th  their  nuclei 

to  supply  the  delicnate  transparent 

nucleated  membrane  of  the  vessel. 

From  the  German  investigators— Hbyer,  Änerhaeh^  Eh^rthj  and  Ai^hij 
^  we  have  recently  learned»  however^  the  true 
I  »trneture  of  the  capillariefl,  and  the  incor- 

rectnt?ss  of  the  former  views  entertained 

with  regard  to  them. 

By  treatment  with  a  solution  of  nitrate 

of  silver^  namely,  this  line  membrane  tnay 

frequently  be  resolved  into  extremely  thin 

nucleated   formative  cells  of  considerable 

si^,  terminating  in  laps  and  processes  (Üg. 

100),  by  which  the  cells  adhere  to  one  an- 

otht^r  at  their  edges,  an{l,  taking  the  hol- 
lowed form  of  the  lumen,  thus  produce  the 

Y^atel.— It  is  the  action  of  light  on  the 

L^silver  at  the   junction    of  the   elements 

rhich  makes  their  boundaries  visible, — 

'  Tbua  we  see  that  the  lumen  hafl  not  bad  its 

origin  in  the  cavities  of  coalescing  cells,  but  is  rather  an  intercellular  spactt 


J 

Fl^,  ^.^^Srnill  blAod'^TeffM]»  frcrni  the  pli,  inal«r 
of  tiku  JjQttiiin  bmln.  Ä,  4  t«lK.  ^  trrrnlnftl«* 
abefve  tn  two  elellcAi«  cftptlüirirAi  a  b;  B,  a  itmk 
Uf  rciicl,  with  e^pllkitpit,  it  *  C,  «  *iTOTi(5cr  twSg, 
with  liin^tudlnAl  iAd  iruiav^rw  nueUi 


Fl«   lOO— Cftjillkry  vfBiH^]' from  111  p  lung^ 
b^  bound Arlw  of  lliocDlla. 
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As  we  have  jast  seen,  tbe  id  tercel!  alar  matter  between  the  formative 
cells  of  the  capillaries  appears  in  the  mofit  minute  t^uantity,  reminding  ub 
of  tlie  allied  tisane  epithdium  (fig.  81). 

Bnt  it  is  otherwise  in  certain  texturea  which,  though  appeanDg  nnder 
great  variety  of  dnmgeable  forms,  are  yet  connectetl  by  intermediate  links, 
and  merge  at  times  trx>m  one  variety  into  another.  These  must  he  regartied, 
consequently,  iis  members  of  one  natural  group,  and  are  known  as  the  con* 
nective  aubätaiiCÄS,  Cartilage,  the  consideration  of  which  occupied  us  in 
a  former  section  (§  53),  is  one  of  tlieae  j  furtlier,  colloid,  reticular,  and 
ordinary  connective  tissue,  fatty,  bony,  and — nearly  mlated  to  the  latter 
— dentine  tisane,  must  be  also  reckoned  as  belonging  to  them. 

In  aU  those  various  forms  in  which  the  members  of  this  widely -spread 
group  of  connective  euhfltancea  appear,  we  meet  with  cells  imliedde^l 

in  more  or  less  abundant  intercellu- 


.©^ 


<s> 


lar  ftubetanee.  The  cells,  however» 
dbplay  very  diflerent  characters  in 
ditferent  instances,  and  no  less  so 
the  iutereellular  Buhstance»  which 
may  be  found  either  in  the  form 
of  mucoid  jelly,  fibroua,  and  more 
solid  Buhstance,  or  of  hard  stony 
matter. 

The  vitreoua  humor  of  the  fcetal 


Hg.  lOl.— tl»u«  of  «tie  vUreoa*  hvLm6r  «if  «  hit- 

©ye  affaidi  a  beautiful  example  of  an  extremely  simple  texture  (fig*  101). 
8implo  nucleated  cells  lie  here  in  a  watery  jelly.  If  we  can  imagine 
til«  latter  replaced  by  a  solid  masa  of  chrondin,  we  have  the  weU- known 
appearanee  of  cartilage  (fig.  83). 

It  ii  seldom,  however,  that  in  the  group  of  tissues  under  consideration 
the  cells  remain  in  an  abundant  intercellidar  snb.^tance,  bo  slightly 
matured,  asi  in  cartilage.  Crowded  together,  they  may  perhaps  increase 
in  sizOj  and,  retaining  their  spherical  »hape,  become  filled  with  neutral 
fat^,  as  is  the  case  with  fat- culls  wtkieh  have  this  origin, 
as  far  as  is  knowu  at  present.  But,  a^  a  rule,  the  forma- 
tive cells  oi'  the  cnnnective-tiisne  group  abandon  tiie 
öpheroidal  form»  and  grow  irregularly* 

At  one  time  they  become  fusiform  hy  extension  in 
two  opposite  directions,  as  we  have  seen  in  a  similar 
casOj  though  on  a  fur  larger  scale,  among  the  elementa 
of  iüvoluntary  muscle  {comp.  Hg.  9€,  p.  95) ;  at  another  they  assume 
more  or  h-^i  of  a  stellate  form  (Kg.  102). 

And,  just  m  ucrtain  connective- tissue  cells  may  become  fat-cells,  so  at 
this  fitoge  of  d«vtdcjpnient  many  pigments  may  he  laid  down  in  their 
bodies,  termhialing  their  transformations.  It  is  in  this  way  that  the 
structures  kn<iwn  as  stellate  pigment-cells  are  tbrmed  (tig,  50,  p.  68)» 

In  their  further  progress  in  development,  connective- tissue  cells  mani- 
U^t,  besides  a  tendency  to  continuous  elongation,  an  inclination  to  fuse 
with  one  another.  In  this  way,  by  the  cohesion  of  the  prooesses  of 
adjoining  celb,  extremely  delicate  cellular  networks  are  formed  (fig*  103}, 
whose  meshea  are  occupied  by  a  mucoid  jelly.  But  this  latter  may  again 
disappear,  and  be  replaced  hy  totally  dili'eront  matters,  as,  for  insttince,  by 
lymph-corpuscles.  As  they  grow  older,  also,  connective- tissue  cell«^,  tense 
and  full  w^hen  young,  nmy  shrink  and  decrease  very  considerably  in  volume. 
But,  as  already  mentioned,  the  variety  which  the  intercellular  suhstance 
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of  connective  tissue  presents  for  our  consideration  is  not  less  consider- 
able than  that  existing  among  the  cells  themselves. 
Consisting  originally  of  albuminous  matters  (con- 
sistently with  its  origin  from  the  protoplasm  of 
the  cells),  it  commences  later  on,  as  its  solidity 
increases,  to  contain  glutin,  or  more  properly, 
collagen.  In  bone  again,  and  in  dentine,  it 
attains  a  high  degree  of  hardness  and  firmness  by 
the  reception  into  its  composition  of  large  quan- 
tities of  the  salts  of  lime. 

It  is  not,  however,  changes  alone  of  this  kind 
in  consistence  and  composition  which  are  to  be 
met  with  in  the  intercellular  substance  of  the 
connective-tissue  group.  Even  if  it  escape  solidi- 
fications  of  the  species  just  described,  it  still 
manifests  a  great  tendency  to  become  streaky  or 
banded,  or  finally  to  break  up  into  fibrillae. 
Again,  between  all  these  varieties  no  very  distinct 
boundaries  exist;  and  in  the  neighbourhood  of 
banded  or  fibriilated  portions,  we  may  encounter 
more  or  less  of  a  residue,  as  it  were,  of  unchanged 
homogenous  intercellular  substance.  The  fibrillae 
alluded  to  are  sometimes  found  in  the  foijn  of 
extremely  fine  isolated  threads,  but  are  usually 
arranged  in  bundles.  They  are  known  as  con- 
nective or  cellular-tissue  fibrillae. 

Fig.   104  is  designed  to  represent   the  latter. 
In  the   preparation,   which    is   from  a  structure 
intermediato  between  true  cartilaginous  and  connective  tissue,  we  find 
simple  cartilage  cells  scattered  among  bundles  of  fibres.     In  fig.  105 


Fig.  108.— Cells  from  thfenwn«! 
organ  of  a  human  feet  us  ar 
four  months. 


yj. 
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also  we  have  these  fibres  (/),  (grouped 
in  bundles  at  {g) ),  between  stellate  con- 
nective-tissue cells  {a-e). 

But  this  metamorphosis  of  the  for- 
merly homogenous  intercellular  mass 
into  coUagenic  fibres  is  not  the  only 
one  met  with  in  connective  tissue. 
Another  kind  of  thread-like  element, 
consisting  of  a  material  with  far  greater 
power  of  resistance  to  reagents  (comp. 
§  15),  is  formed  by  the  transformation 
of  intercellular  matter,  and  is  known  as 
the  elastic  fibre  (fig.  105,  h).  It  also  F'?-  iw- 
is  liable  to  vary  much,  both  as  regards 
strength  and  the  occurrence  or  absence  of  branches  (fig.  106). 

However,  this  appearance  of  elastic  matter  in  the  form  of  fibres  is  not 
the  only  one  it  makes  in  connective  tissue.  The  intercellular  matter 
may  be  transformed,  at  the  boundaries  of  the  tissues  in  question,  towards 
the  cells  and  cellular  networks,  and  likewise  at  their  surfaces,  &c.  (but 
still  retaining  its  homogenous  appearance),  into  limiting  layers  of  divers 
kinds,  formed  of  a  substance  identical  with,  or  optically  and  chemically 
the  same  as  clastin.  These  have  frequently  been  erroneously  taken  for 
sell-membranes  and  other  peculiar  envelopes. 

Tlius  in  the  course  of  development  of  connective  substance,  a  whole 


Fibrous    cartilaffinons    »ntwtance 
from  a  ligamentum  intervei  tebrale  uf  man 
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sexiea  of  llie  most  skiking  tmnsfonnatione  takes  place  in  an  originally 
parely  cellular  tisaua 

Another  series  of  metamorphoses  which  may  he  meniioDed  here  leads, 

it  m  ttippoöed  hy  a  proctst 
of  fuÄiofi,  to  the  forma tion 

of  many  of  the  final  ramili* 

./         /^  mE^m  cations  of  nerve-fihrea. 

But  the  mode  of  origin  of 
the  uahranched  nerre^äbrea 
situated  in  tlie  middle  of 
nervous  trunks  (fig.  107>  1) 
ia  still,  it  must  be  grantod, 
a  most  obacure  point 

Ker ire- fibres  are  usually 
observed  to  divide  in  binary 
order  when  near  their  ter- 
min.^tion  (fig.  108).  At 
sTich  points  (at  least  appar- 
ently) are  situated  stellate 
cells,  with  usually  three 
proce^es  {fig,  107,  2  a', 
»    ,*     «      ^  ^    ,  .^       __.*..    ^S    ''*)»    one    of    which    is 

R(f*  lCMS.~CflriiifM?tlTc  liaine from  bcti««i  tbe »bkI« of  the         *j    j  %        r.   -  „:ti      ^t. 

u-g  at  mUoK.  *-«,  o«iiMctiTO*tu«io  *eii*;  /  fttorfitoi  iDd  united   Dy  fusion  witli  the 
sr,  bundle»  el  Um  nrav  j  A,  Mtwork  of  olikA]c  ttw«.  upper  nnbraOched  portion  of 

the  fibre,  thus  preparing  the  way  for  ramification  of  the  latter. 

The  neu  ri  lemma,   or   primitive    sheath,  a   strnc  tu  relets    tube   which 

envelopes  the  mature  nerve- 
fibre  (fig.lO§),  ia  probably,  as 
in  the  case  of  the  sareolemma 
of  muscle  element«,  laid  down 
from  adjoining  structures. 

5  63. 

The  physiological  nelations 
of  the  remaining  tissue  ele- 
ments origiuaitug  in  thenieta- 
m Orphol  of  ceUs,  dealt  with 
in  the  second  division,  are  so 
very  various  that  they  must« 
for  the  most  part,  he  reserved 
for  future  consideration.  In 
muacle-fibres  and  nerve-tubes 
we  have  tissues  of  the  highest 
physiological  dignity»  while 
the  great  group  of  connective 
substani^s  takes  hut  a  low 
rank  fls  invcstiog  or  support- 
lug  tiBsiies  for  tbe  system. 
The  capabilities  of  transEiniita- 
tion  are  very  various  in  tbe  different  tiasue-s  derived  from  the  cell;  but 
at  present  our  knowledge  of  the  details  of  this  subject  is  very  imperfect 
Muscles  and  nerves^  we  are  aware,  are   remarkable  for  the  energetic 
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tmiiftfoimatioii  of  maUrtol  which  goei  on  in  them,  although  the  natun» 

of  the  wtocmam  is  only  kitown 

AS  legoiäa  the  itdped  iibre.     In 

coDtnst  to  thi%  many  connective- 

iie&ue  p&rta  are  remarkabia  for 

the  great  p&raiauence  of  the  buIi- 

etnneiss  of  which  they  are  consti- 
tuted, csjiecirtlly  %vheri  they  are 

cailj  BCttntily  supplied  with  bhitjd- 

vesekf    and    possess    numeroUH 

el>#tie    fibnss.      In   otlwr  strut; - 

tiinsB  of  the  mxiw  kiinl  a  vt^ry 

mpid  tmußniulation  of  niiitei-iiil 

may    tiike    plate,    whou    a  hir^e 

amount  of  blood  pas^^s  ihrnu^^^i 

th^m^   or   wh**ü  they  art^   fiiu-iy 

canalisi^d,  as  for  in&tanee,  in  the 

caae  of  bone,    On  the  other  iiand« 

all    con  nee  live- tissue    etructurea 

difplay  an   enormous  degree  of 

tti«tgy  in  a  format Jve  direction 

ntiider  conditions  of  pathological 
tirriUtion,  and  are  thus  of  great 

worth  in  the  i*lastic  prc»cesses  of 

the  diji**ajifnl  body,  eonsiderationa 
L  vhjch  will  occtipy  us  again  in  a 

mhieütlä&t  Sectirm.  ^  Mt^^^^wwlirpmmt  of  QCTn-Abrei  Id  th«  fmg. 

In  regard  to  the  products  of  transmutation  mnch  has  bt*en  already  said» 

We  refer  the  reader  to  pp.  21, 
L  22  for  the  glutin-yielding  Bii\> 
LatanceJ! ;  to  pp,  10-50  iVir  the 
Ijikftloids,      Tho  voluntary'   or 

itrip'd  muscles^  consisting  of 

albiinrinatei;,   yield   aa    decom* 

position  producta,  krcatin,  krea- 
I  tinin,h}^poxanthin,inoainLeand 

lajctk  acids,  and  inoätte. 

Of  the  phjaio logical  decay 

of  the  form-elements,  and  the 

regeneration  and  length  of  exis- 
tence of  the  same,   wo  know 

very  little,    excepting  in   the 

case  perhaps  of  striped  muscle- 
tissue.     The  duration  of  many 

of  them,   as  for  instance,   of 

elastic  fibres  and  allied  at  rue- 
f  lureo,  ifl  probably  lofjg,  for  in 

their  case  we  have  only  remain^ 

iug  the  processes  of  solution 

and  degeneration,  tneehanical 

altrttioa  being  exclude«!  (uomp« 

p.  04).      The  three  kinds  of     . , 

transformation,  by  pigmentation,  deposit  of  fat  (fig.   109],  and  of  cat' 


Flf-  10S.^^mft(l  breiiifhiüg  nfn'e-fllfcn?^  a  auA  6^  fioni  fT^n 
mcicntery  of  the  frog,  fUTioiinitrd  by  ttikJt  uitt^lopr» 
Muditud  wltb  nucJoU  7,  the  trofjJt ;  3  mnd  \  the  brABClic». 
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coreoua  matters  in  cells,  may  at  leaet  be  partmlly  regarded  as  phygiologk'nl 

piüeesedB)  but  belonjj  pruljably,  in  the  elementary  parts  with  which  wa  life 

Tiow  engaged  (like  many  other  niwleä  of  i|t*gener4tif>n)^ 

^       ^  in  a  great  ttjeasure  to  the  patliol">gieal  changes  of  the 

HjÄttjm*     Later  on  we  shall  be  obliged  to  enter  more 

fnlly  iuto  the  consideration  of  this  Bubjt*ct, 


m 


§61 


Xow,  by  llie  combination  of  structural  elementa 
of  similar  or  dissimilar  kinds,  and  in  larger  or  smaller 
ijiiantity;  the  vnrioua  tissues  of  the  human  and  animal 
body  generally  are  formerh  These  are  naturally  regu- 
lated as  regards  their  aimtcmiical  texture.,  chemical 
constttuiiun,  atid  physiological  properties,  by  the  ele- 
mentary parts  of  which  they  are  compmr-d. 

A  classilication  of  tissues  that  shall  have  any 
pcientific  value  is  still  a  matter  of  the  greatest  rlif* 
ficulty— nay,  we  might  almost  say,  of  imposai)ulity. 
Such  a  classification,  namely,  can  be  founded  only  on 
a  knowledge  of  the  mode  of  development  of  thn 
structural  element«.  But  histogenesis,  nn fortunately,  although  c<*ni- 
manding  a  considerable  amount  of  material  in  many  bratiehea  of  our 
science,  ii  yet  but  very  imperfect  in  others.  The  history  of  the  origin 
of  tissiies  is,  a^  a  whole,  not  far  enough  advanced  to  enable  na  accu- 
rately, and  withont  being  obliged  to  resort  to  many  hypotheses,  to 
trace  the  outlines  of  a  scientific  classification  of  the  various  tissues.  Even 
that  apparently  eo^y  and  accurate  division  into  simple  and  composite 
textures  cannot  be  strictly  atlhered  to,  and  the  question  whether  we 
have  before  u,^  a  composiUs  tisane  or  not  must,  in  many  cases,  bo  decided 
according  to  individual  opinion^  as  to  whether  ctjrtain  metamorphosed 
portions  of  the  groimd-substanGes  arc  to  be  considered  os  strnctural 
elements  or  no. 

The  following  classification,  therefore,  is  only  to  be  acoeptml  as  pro* 
visional,  being  designed  {as  is  usually  the  case  in  artiOcial  systems)  more 
t€  bring  in  review  in  a  certain  oriler  the  materials  to  be  coni^idered, 
than  always  rigi^Uy  to  associate  together  parts  probably  related  to  oud 
another  in  their  mode  of  develo|nnent.  The  practical  olyeets  aimed  at 
in  this  work  will  render  it  necessary^  beside«!,  to  conmder  many  things 
together,  which  logically  should  be  dealt  with  separately.  The  following 
is  our  division  : — 


A*  Tiisaei  oomposed  of  limpld  cells  with  fluid  iatercelliilar  sub- 
stance. 

L  Bloo<l 

2*  Lymph  and  Chyle, 

B*  Tisanes  composed  of  simple  cells  with  &  small  amonnt  ef  solid 

intercellular  substance. 

3,  Epithelium. 

4,  Naib 
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limes  oompoted  of  ninple  or  transfonned  oells  (in  some  cases 
cohering),  situated  sometimes  in  homogeneous,  sometimes 
fibrous,  and,  as  a  rule,  more  or  less  solid  intermediate 
substanoe  (Connective-tissue  Group). 

5.  Cartilage  tissue. 

6.  GoUoid        do. 

7.  Beticular  connective-substance. 
8;  Adipose  tissue. 

9.  Connective  do. 

10.  Bone  do. 

11.  Dentine      do. 

Tissues  oomposed  of  transformed  and,  as  a  rule,  non-cohering 
cells,  with  scanty  homogeneous  and  more  or  less  solid  inter- 
mediate substance. 

12.  Enamel  tissue. 

13.  Lens        do. 

14.  Muscle    do. 

Composite  Tissues. 

1Ö.  Nerve  tissue. 

16.  Gland    do. 

17.  Vessels. 

18.  Hairs. 

8 


n. 


THE 


TISSUES    OF   THE   BODY. 


IL  THE  TISSUES  OF  THE  BODY. 


A.  Tissues  composed  of  Simple  Cells  with  Fluid 
Intennediate  Substance. 

L  The  Blood. 
§65. 

In  the  blood-vessels  of  our  body,  a  closed  system  (except  in  the  case  of 
the  spleen)  of  intercommonicating  canals,  into  which,  however,  the  lym- 
phatic and  lacteals  discharge  theii  contents,  there  exists  an  extremely  com- 
plex fluid,  '*  the  blood,''  which  is  constantly  in  motion  during  life.  And 
just  as  on  the  one  hand  no  pause  takes  place  in  its  continuous  circulation 
while  life  remains,  so  on  the  other  hand  is  this  fluid  unceasingly  engaged 
in  a  lively  interchange  of  matter.  The  walls  of  the  blood-vessels  being 
formed  of  membranes  permeable  to  endosmotic  currents,  and  processes  of 
filtration  further  occurring  in  glands,  the  blood  is  constantly  being  robbed 
by  the  organs  and  tissues  of  certain  of  its  constituents  in  the  form  of 
watery  solutions,  while  other  substances  similarly  dissolved  are  rendered 
back  to  it  again.  It  receives  also  bulky  additions  of  other  complex  fluids 
in  the  shape  of  lymph  and  chyle  poured  into  it. 

Notwithstanding  this  coming  and  going  of  material  which  constitutes 
the  blood  the  centre  of  the  vegetative  processes  of  life,  the  fluid  in  ques- 
tion is  always  singularly  unvarying,  both  in  regard  to  chemical  and  ana- 
tomical composition,  any  deviations  from  the  normal  standard  being 
rapidly  compensated. 

Human  blood  is  a  thickish,  opaque  fluid  with  a  peculiar  faint  odour, 
alkaline  reaction,  temperature  of  about  38^  C,  and  a  red  colour, — light 
cherry-red  in  the  arteries,  but  somewhat  deeper  in  the  veins.  The  amount 
of  blood  contained  in  any  one  body  cannot  be  estimated  at  present  with 
anything  like  accuracy,  and  we  find  statements  on  this  point  very  various 
as  regards  the  human  system.  It  appears  probable  that  the  weight  of 
the  blood  averages  in  man  about  a  twelfth  or  thirteenth  of  that  of  the 
whole  body. 

Remarks. — Compare  Nassers  article  '*  Blut"  in  the  Hund  Wörterbuch  der  PhysioL, 
Bd.  i. p.  75,  and  Mune  Edwards^  Le^oru  sur  VanaL  et  laphysioL  comparie,  Paris,  1857, 
tome  1.  p.  86  ;  as  alao  the  yarious  handbooks  of  histology. 

§66. 

If  we  examine  the  anatomical  composition  of  the  blood  with  the  aid 
of  a  high  microscopic  power,  we  find  it  to  be  made  up  of  a  transparent 
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coloujless  fluid,  the  ptawmoi^  or  fi^^öi*  mngtiiniä^  in  wtieh  two  kinds  of 
calls  are  suspended,  namely,  the  "  red  blood-ceUs  "  aud  the  "  colourless»"  or 
"lympli^orpuscles"  of  the  hlood  {Ijmphoid-cells)  (fig.  110).  The  first  occur 
in  great  preponderance,  and  are  the  cause  of  the 
red  colour  of  the  blood,  while  the  latter  generally 
represent  hut  a  small  fraction  of  the  n umher  of 
cella  contained  in  the  whole  mass  of  the  fluid  in 
question.  Besides  these,  we  alao  meet  in  human 
blood  with  coDgloraemtionsof  minute  pale  granules, 
measuring  0*00n-0'0022  mm.  (Schutize). 

The  coloured  Mood-celh  discovered  long  ago  by 
Maipf/fhi,  and  which  have  since  then  received  very 
different  names,  such  as  "  blood-granuleti/'  **  blood 
globules,"  "  hlood-diska,"  "  hlood-corpuscles,"  and  **  blood- vesicles,"  appear 
in  human  blood  m  circular  formations,  with  a  yellowish  tint,  and  sharp 
and  delicate  contour  They  display  arac»ng  themselves  but  little  variety 
either  in  size  or  otherwise*  Their  number  iu  a  drop  of  blood  is  enormous; 
it  may  be  accepted  as  being  about  Ave  millions  to  the  cubic  fnillimeter. 
C^  SchmifM  estimates  their  specifiG  gmvity  at  1 '088-1 -089,  Welcher  «t 
1"105.  Tbe  diameter  of  the  ceD  in  the  blood  of  the  male  averages 
0-0077  mm.,  with  extremes  of  from  0-00S9  to  00024  mm. 

With  very  accurate  focus  the  liTing  hlood-corpuscles  lying  in  the  plasma 
present  in  their  centre  a  clear  colourless  apace,  and  also  at  a  spot  in  their 
interior  a  slight  shading  of  more  or  less  semicircular  outline,  situated  at 
that  aide  of  Iheir  border  opposite  to  that  from  which  the  light  is  thrown 
on  the  field  (fig.  1 II,  a). 

The  reason  of  this  appearance  hecome^  clear  so  soon  as  the  cella  are  set 
in  motion.  Far  from  preserving  their  circular  form,  in  rolling  over  the 
glass  plate  of  the  microscope,  they  appear  when  standing  on  their  edg^ 
(c  e)  Hke  thin  biscuit-shaped  rods»  with  thickened  bevelled  ends,  and  con- 
strictloQ  in  the  middle.     In  tliickness  they  are  about  0^0013  mm. 

From  what  we  have  just  seen,  there  can  be  hardly  any  doubt  that  the 
form  of  the  ucU  is  in  reality  that  of  a  biconcave  disk  with  bevelled, 
swollen  edges.  The  volume  of  the  human  hlood-corpuMjle  has  been 
estimated  by  Wdck^  to  be  0 -000000072  cub.  milUm,  the  weight  O'OOOOS 
miUigram,  and  the  superficial  extent  00001 28  square  millirm  Its  body  \m 
composed  of  a  completely  homogeneous  substance  of  a  yellowish  colour 
by  transmitted  light;  tins  deepens  to  a  rather  reddish  tint  at  points  where 
any  two  cells  overlap  one  another.  Should  they  commence  to  form 
larger  aggregations,  they  then  begin  to  show  the  red  colour  of  the  blood 
itself. 


In  order  to  make  ourselves  better  acquainted  with  the  further  nature 
of  the  blood-corpuaelei  it  is  necessary  to  observe  the  effticts  of  certain 
external  agencies  uf)on  iL  If  we  expose  a  drop  of  blood  on  the  glass 
plate  of  the  microscope  for  a  short  time  uncovered,  and  allow  it  to  evapor- 
ate, the  form  of  the  cell  changes  (fig.  Ill,  h).  AVith  a  decrease  in  size 
down  to  from  0  0059  to  0*0052  mm.,  it  becomes  irregularly  angular, 
Inmpy,  aud  frequently  stellate,  the  pointed  portions  coming  out  as  dark 
dote  in  the  object.  We  have  here  to  deal  with  a  shrinking  together  of 
the  body  of  the  cell  depending  on  a  loss  of  water,  a  process  the  interpreta* 
tton  of  which  in  human  blood  presents  many  difBcultiea  owing  {q  the 
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mmuteoess  of  the  object.     If  the  blood  dry  up  rapidly  in  wry  thin  layera, 
f  tlie  corpuscles  have  usually  a  rouud  smooth  outline,  with  a  distinct  pro- 
jecting central  portion  (lig^  111,  c}^ 

If  wat^  he  added  to  a  drop  of  human  blood,  a  completely  dilFürent 
picture  is  presented  to  the  eye 


üf  the  observer.     Far  from  he- 

eoming  knobbed  and  jagged,  the 

I  cell  preservei  ite  circular  smooth- 

(idgod  aspect;  hut  the  clear  cen- 

1  portion  is  no  longer  recogn  is- 

ible,  and  tb«  yuUowish  border 

andB  out   no    more  in  relief 

[{fig.  111^«).    Close  observatioa 

'  teaches  that  the  swelling  up  of 

thecell  eommencesat  the  border, 

.and  that  the  encroachment  of 

swollen  portion  it  is  which 

eventually  the  two  de- 

donv  in  the  centre  of  the 

od-corpuscle    to    disappear, 

«oon  as  a  cell  bo  treated 

na  to  roll^   the  important 

liffereiice  caused  by  the  loss  of 

biconcave  discoid  ügure 


O 


\  In  AVApontlng  blüod;  e,  dried  up;  d,  (n  coKi^tililDd 


becomes  evident  We  find  the  corpuscle 
&m  every  point  of  view  spherical;  it  has  swollen  out  into  a  globule 
rilli  diminution  in  diameter,  down  to  0-0001-0057  mm.  linder  the  con- 
tinued action  of  water  this  globule  grows  paler  and  paler  (a  to  the  right) 
rhilst  tlje  surrounding  fluid  acquires  a  yellowiah  tinge.  Some  cells  are 
reiy  rapidly  decolorised,  others  resist  the  action  of  the  water  for  a  longer 
At  last  the  corpuscle  becomes  so  perfectly  decolorised  that  it 
only  be  recognised  by  high  magnifying  power  and  in  a  shaded  field ; 
it  IB  there  seen  as  a  very  delicate,  completely  smooth^ged  structure  of 
ejctreme  palenesa.  During  the  whole  procedure  no  nuclei  make  their 
appearance. 

The  employment  of  many  watery  solutions,  such  as  those  of  sugar,  gum 
arable,  common  salt,  &c.,  produces  an  efifect  on  the  cells  similar  to  that  of 
evaporation.  But  if  these  reagents  be  gradually  diluted  a  degree  of  con- 
centration is  at  length  reachedi  at  which  no  further  change  of  form  in  the 
cell  can  he  observed.  If  the  solutions  be  ßtül  further  diluted,  we  observe 
eventually  the  same  efiecte  produced  as  those  of  pure  water,  namely,  a 
tpmfling  out  and  bleaching  of  the  cell  until  it  becomes  invisible.  It  is 
aost  interesting  to  mark  on  one  and  the  same  cell  the  changes  produced 
by  the  ftltemate  addition  of  various  fluids  one  after  the  other, — changes 
from  the  stellate  wrinkled  to  the  spherical  tense  form^  and  back  again, 
or  mce  vertfa. 

All  observations  which  have  been  roade  up  to  the  present  teach  the 
ibsenee  of  nuclei,  and  present  to  us  the  blood -corpuscle  as  a  structure 
rhose  substance  rapidly  absorbs  and  parts  with  water,  in  the  first  instanoe 
aweULng  up  and  acquiring  greater  volume^  and  in  the  second  shrinking  to- 
gether. We  see,  further,  that  the  colouring  matter  of  the  cell -body  is  soluble 
in  water.  Kow,  if  we  apply  tlie  results  thus  obtained  to  the  corpuscle  as  it 
^circulates  in  the  bloody  we  have  in  it  an  element  which  must,  indeed, 
ngage  in  a  livdy  interchange  of  matter  with  the  fluid  of  the  plasma,  but 
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which,  at  the  same  time,  undergoes  neither  a  conaiderable  variation  jd 
volame  nor  loss  of  its  colouring  matter.  It  may  he  roughly  stated  to  he 
composed  of  a  soft  gelatinous  substance  which  swells  up  in  an  exce^  of 
waten 

Besides  these  matters  which  act  on  the  cell  in  the  manner  just 
described,  w©  are  acquainted  with  a  number  of  others  in  which  the 
protein  matters  of  the  blood-cell  are  disaoived,  and  witli  them  the  whole 
structure.  To  these  belong  many  of  the  mineral  acidsi  and  the  salte  which 
the  alkalies  form  with  the  bile  acids.  The  action  of  another  series  of 
reagents  consists  in  coagulating  the  albuminous  matters  of  Ihe  blood^corv 
puscles ;  alcohol,  tannic,  and  chromic  acid^  kreasote,  and  certain  metaJlic 
salts,  may  be  mentioned  among  these. 

^ow,  as  to  the  effect  of  gases  on  the  shape  of  the  hlood^cell,  oxygen  is 
said  tQ  have  the  samo  power  of  diminisbing  its  size  posses^  by  saturated 
solutions,  while  carbonic  acid  gas  has  the  contrary  effect. 

An  elevated  temperature  is  also  Raid  to  diminisli  the  hulk  of  blood* 
corpuscles.     But  besides  these  changes  already  long  known  ^  we  have  eomd  , 
to  the  knowledge  of  many  others  of  great  interest  within  thi^  last  few  yeariL 

if  the  hlootl-corpuscles  he  left  to  themselves  in  defibrimited  blood,  they 
paas  gradually,  in  losing  their  vitality,  from  the  disk-ahaped  to  the 
spherical  figure.  At  a  low  temperature  many  days  may  elapse  before 
this  transition  is  completed. 

An  electric  discharge  causes  the  cells  to  assume  a  rugged  appoaranco, 
coarsely  granular  at  first,  but  finer  later  on.  Soon  after  Uie  corpuscle 
takes  on  again  the  form  of  a  smooth  spheroid,  and  finally  loses  its  colour 
{Ilolhtt). 

It  a  living  blood-cell  be  warmed  up  to  about  ÖS*"  C,  a  wonderful  chang« 
comes  over  it  (fig,  112) ;  it  becomes  rapidly  marked  by  a  varying  numlwr 
of  deep  indentatioßs ;  shortly  after  this  the  formation  of  a  series  of  butl- 
like  processes  takes  place,  which  either  separate  at  once,  or  remain  for  a 
time  in  connection  with  the  rest  of  the  ceU^body  by  means  of  slender 
filiform  styles  (a). 

Owing  to  this,  the  most  singular  appearance  of  headed  rods  is  produced ; 
globules  are  found  with  caudal  appendages,  &c., 
while  the  portions  which  have  he^jorae  free  imme- 
diately  engage  in  the  most  lively  molecular  motion 

tyi      '^     IJ  aJL-  ^y  I" oil©  of  these  modes  of  treatment  art  we 

^  X  ^  l3b  ©ii^^i^d  conclusivöly  to  demonstrate  the  presenoo 
^L  I  Q  *^*  of  a  membrane  on  the  blood-cell  of  adult  human 
^^  ,  /  ^     » ■  beings ;  besides  which,  the  changes  just  mentioned, 

produced  on  them  by  an  elevation  of  temperature, 
can  hardly  he  reconciled  with  the  supposition  of 
such  a  structure.  We  are  likewise  never  able  to 
recognise  any  of  those  phenomena  of  vital  con- 
tractility in  the  mature  blood-eorpuacle,  which 
appear  in  so  many  other  cells  of  the  system. 
Attention  has  been  rather  recently  directed  to  some  interesting  dif- 
ferences between  the  blood-cells  of  different  regions  of  the  eireulatoiy 
system.  According  to  Lehmann*«  discoveries,  the  blood  of  the  vena 
porta  contains  the  ordinary  so  mutable  corpuscles,  whilst  in  that  of  , 
the  hepatic  vein  cells  of  anomalous  constitution  are  to  he  found ;  theiie 
BJB  sm aller }  more  swollen,  approaching  the  spheroid  form,  and  having 
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no  thing  of  the  usu&l  central  depressious  \  thej  resist  for  &  Comparatively 
long  space  of  time  Bim  the  action  of  water.  Simitar  cells  also  luake  their 
ippearance  in  the  epldan  (Funke).  They  are  looked  upon  hy  some  m 
young  oewly-formed  blood-corpusdea» 

in  the    **  Quarterly  Journal  of  MicroBoop,    ScEienoii,**    1S6I« 


5  08. 


Tlie  study  of  the  iioloured  cells  of  the  blood  of  other  vertebrates,  as  a  means 
of  cautroUing  tho  results  ohtainod  in  the  inveatigatian  of  those  of  human 
bloml,  iA  of  great  interest,  and  a  chapter  of  comparative  histology  which 
cannot,  therefore,  bo  conjpletejy  passt^d  over  here, 

Tho  bltiod-corpuacles  of  maninxalia  present  almost  nn exceptionally  the 
form  of  biconcave  disks  (fig,  113,  I),  and  the  only  slight  variations  in 
thxm  lie  those  of  si^e.  Thus  the  eel  la  of  the  elephant,  yvhkh  are  thi> 
kfgofty  attain  a  diameter  of  about  0  0005  tum.«  those  of  apes  correspond 
with  the  human  cells,  and  in  many  other  mammals  they  are  smaller  than 
our  own,  as,  for  instance,  in  the  horse,  0  0050  mm*,  and  rabbit,  0*0080  mm» 
The  blood-ceUs,  however,  of  some  of  the  ruminants,  as  of  the  iama,  alpaca^ 
and  camel,  sliow  striking  deviations,  being  oval  disks  of  0  0081  mm.  Of 
nucJeif  wo  see  jnst  m  little  in  the  coloured  elements  of  mature  mammid 
blood  as  in  those  of  our  own. 

Such  elliptical  blood-cells^  however,  become  the  prevailing  form  in  thd 
succeeding  classes  of  vertebrates,  manifesting,  moreover,  striking  vaiia- 
tioDS  in  sim ;  and  the  nucleus^  which  we  have  missed  up  to  this,  now 
takea  its  place  as  a  regu- 

lar    constituent    of  the  ^  (y 

ccH    It  Is  only  in  a  low  Q|Q 

order  of  Eshes,  the  eye- 
lostomata,  that  the  cir- 
cular hgure  of  the  mam- 
mal cell  is  found  again  ; 
and  the  lowest  of  all  ver- 
tebrates,  the  es^traor- 
nry  Atnphf/tx^uH  lan- 

iflaiu^f  poasessds  coui- 
|iletoly  auomuluus  blood, 
no  longer  red  in  colour, 
and  remiudiug  us  of  that 
of  iuyert«;brates:  it  need 
deUiu  us  no  longer  here. 

The  corpuscles  of 
birds  have  an  average 
length  of  OiUa-i^ 
0*0150  mm,,  and  tmns- 
Ttroe  diameter  amount- 
ing to  tho  half  of  this 
{a  ö)(fig,  113,  3). 

St»en  from  the  side,  instead  of  llio  biconcave  disk»  they  present  a  bulging 
out  in  the  central  portion  of  each  surfiica  The  nucleus,  which  in  uninjured 
cells  is  oithcr  not  at  all  visible,  or  only  so  as  a  slight  clouding,  appears  on 
proper  manipulation,  e,^,,  desiccation,  or  the  action  of  water,  Äa,  as 
a  dark  structure  with  rough  contour,  elongated  figure,  and  diameter  of 


^ 
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0*0060^0-0043  mm»   (in   tlie  hen).     The  nuclouä   usually  occupies  the 
middle  portion  of  the  cell^  but  Ugs  occasionally  excentric 

Again,  we  find  the  blood-cells  of  scaly  amphibia,  of  tortoise«,  IkarJe, 
and  snakes,  alsn  ovaJ,  but  somewhat  broad tsr  and  longer  than  those  of 
birds.  In  length  they  range  from  0*0183  to  0-0150  mm, ;  but  the  central 
boss  is  somewhat  less  prominent.  The  cells  of  the  osseou»  fishes  also  are 
small,  and  but  slightly  oval  (fig.  113,  7,  a  a  b),  measuring  0'0182-0'0114- 
In  the  naked  amphibi»!  and  fishes  with  transverse  mouth,  the  oval  or 
elliptical  blood-corpuBclea  show  the  most  astounding  dimensions.  The 
length  of  those  of  rays  and  sharks  is  0-0285~0'0226  mm. ;  of  toads  and 
frogs  (fig,  II 3j  6,  a  a  h)^  on  an  average  0'0226  mm,;  of  tritons 
(fig.  113,  5,  a  a  h),  0  0325-0-0225  mm.  j  and  of  salamanders, 
0*0445-0-0375  mm.  The  diametei^  of  the  cells  of  the  khthycitia  (Fisch- 
lurch e)  are  even  considembly  lajger^  so  that  a  powerful  eye  can  just  recog- 
nise them  J  without  a  microscope,  as  minute  dots ;  as,  for  instance,  in 
the  cryptobranchua,  in  which  their  length  is  0'0510  mm.,  and  proteus 
(iig.  113,  4),  where  they  are  00570  ram. 

Finally,  tho   cyclostomata  (lig.   113,  8)  possess,  as  we  have   already 
^  I  remarked,  red  cells,  having  the  form  of  small  round 

/^\   /""S       biconcave  disks  (h)  with  a  diameter  of  ahont  0-013  mm. 
/A  /   (  ^  J  ^^^  these  calls  conduct  themselves  towards  resents 

(/  ^ — ^  in  a  similar  manner  to  those  of  man  ;  but  many  of  the 
cfiFects  produced  on  them  aro  naturally  clearer  and 
sharper  owing  to  their  larger  proportions.  In  this 
respect  the  corpuscles  of  the  frog  may  be  particularly 
noticed  as  objects  easily  procurable  for  first  observa- 
tions; in  them  the  nucleus  can  be  rend  er  i^  vtsibld 
in  a  moment  by  the  addition  of  water  (fig.  114). 

The  bodies  of  these  cells  may  possihly  contain  a  certain  amoiml  of 
protoplasm,  hut  a  memhmne  is  certainly  not  present  on  the  ^«reater 
number  of  the  corpuscles  of  frog's  blood,  as  the  spherical  segmentation 
observed  among  them  seems  to  indicate  i  RulhU'H  discovery  also^  that  two 
celb  may  coalesce  to  form  one  spheroidal  mass,  on  being  subjected  to  a  dis- 
charge of  electricity,  would  lead  to  the  same  conclusions.  Some  isolated 
cells,  however,  of  frog^a  blood  (possibly  senescent)  do  possess  a  distinct 
memhmne. 

RsMARRS, — ].  Comp.  Besides  U.  U^agn^r*»  worki,  which  opened  the  wny  to  farther 
disoovcriet  (Beitrüj^  zur  vergleichenden  Phyaiotofie  de»  Blutei,  Lerpiig,  1833;  nnil 
NK]ht;ri&ge,  Leipzig,  1836.  GulUver  {PromeUn^t  of  ZooL  Sod^ly,  152,  1842^ 
2>  Th«  Amphiwm.^  tridatet^him  has,  according  to  Ridd4l^  the  lamat  of  all  blood-celk, 
e?cc6eding  thos«  of  tb«  proteus  by  a  third.  \N^w  Orlmn»^  Jf«£  cmd  Surg,  Jtmm,^ 
lftß&,  Jantuit^).  3.  Comp*  MoheH'siu  thtOmtri.  J&um.  of  Misrox&p.  Seknm^  1863, 
/p«m.  p.  170. 

I  69. 

Whilst  the  coloured  blood-corpuscle«  present  in  beings  of  th©  same 
kind  the  greatest  uniformity  and  correspondence  (with  the  exception  of 
those  extmordinary  typical  de^nations  in  the  vertebrates),  and  must  be 
looked  upon  as  the  fully  deyeloped  and  completed  cells  of  the  blood, 
which  undei^  no  further  kind  of  perfecting  in  the  system,  hut  rather 
decay  at  a  later  period  by  rupture  and  solution,  the  nature  of  the  second 
ceHuhir  element  of  thb  fluid,  namely,  the  colourleMS  bhod-cefl  or  so-calliad 
lymph-mrprnde  (lymphokl  cell),  is  completely  diiferent     We  have  her« 


F^S-  11 4-— Two  blfUKl- 
ccUi  früjii  the  itny^. 
a,  A.  with  (^rKnuliur 
bticlel  &a  thifry  como 
to  vlow  ondor  the 
Action  jjf  w«t«r< 


TI8SÜRS  or  TOS  BODY. 


113 


«'®^ 


EttKki  from  the  hnmill 
eltigt  a  Iti  e ;  d^  »  eoliiurleiM 
celt  OT  to-cftlkd  lyniph-öor- 
pttvcle* 


,  with  cells  engaged  in  the  process  of  formation,  with  all  the  diffei^ 
encei  incident  to  their  various  stages  of  development.  W©  have  poe- 
sibly  also  to  deal  with  others  engaged  in  retrognule  metamorphoses.  We 
meet,  therefore,  in  one  and  the  same  body  several  kinds  of  these  cells. 
But  let  ns  look  to  their  characters. 

The  colourless  cells  of  Imman  blood  appear  when  at  rest^  or  in  a  life- 
less condition,  of  spheroidal  form,  and  varying  considerably  as  to  si^e* 
Small  examples  measure  on  an  average  only  about  0  0022,  while  those  of 
krger  dimensions  may  be  of  the  same  size  as  the  red  corpuscles»  They 
oaually»  however,  exceed  the  latter  in  magnitude,  ranging  from  0'0077  to 
0*0120  mm*  As  the  re&uit  of  raeasurcments  made  on  thoao  of  my  own 
blood,  1  have  found  their  usual  diameter  to  be  0  0091  mm* 

The  appearance  of  theao  cells  ia  finely  granular,  but  the  granules  show 
aBOfllly  no  molecular  motion.     Under  high  mag- 
nifying power,  however,  this  may  be  seen  as  in  /^ss-^^^S^ 
other  lymphoid  ceUa.    Their  contour  is  also  more  or  (jjQJ      ^3f 
less  rugged.     In  most  cases  the  molecules  of  pro- 
toplasma  are  very  small  and  delicatop  hut  in  some 
isolated  specimens  we  find   considerably  larger, 
dark  particles,  consisting  of  fat,  imbedded  in  the 
interior*      These  have  been  probably   taken  up 
from  without  (fig*    116,  4)*     The  nucleus,  enve- 
loped in  the  smaller  cells  by  a  thin  layer  only  of 
proloplasm,  is  in  many  cases  not  to  be  seen  with^ 
out  the  aid  of  reagents* 

In  some  it  m^y  be  rendered  visible  by  the  simple  addition  of  water  : 
this^  however,  cao&es  a  change  In  its  appearance,  and  the  cell  h  at  the 
flame  time  pufTed  out  to  a  certain  extent,  and  acquires  a  smoother  and 
iDore  delicate  contour.  The  action  of  ^cetic  acid,  also,  brings  it  rapidly 
into  Tiew*  Thus  treated,  the  nucleus  is  not  unfrequently  smooth  (fig. 
116,  6),  but  it  is  usually  more  or  less  rugged  (7,  8),  containing  in  its 
interior  a  nucleus*     In  form  it'b  roundish  ,  ^ 

or  elongate,  and  frequently  irregular,  espe- 
cially after  the  prolonged  action  of  acetic 
acid*  The  diameter  of  the  nucleus  is 
mostly  about  00077^0-0052  mm.  It  may 
£r^uently  appear  renlform  (9),  and  in  other 
;  consists  of  two  or  three  portions  lying 
Tn  contact  with  one  another  (10,  11)*  In 
consequence  of  the  prolonged  action  of  the 
iMgent  just  mentioned,  these  thtee  portions 

ly  beoome  separated  from  one  another  by 

asiderahle  intervals*  Finally,  we  meet 
j^with  cells  whose  nuclei  have  in  this  manner 
ll^een  split  up  into  four,  five,  sisc  (12),  or 
seven  fragments.  In  addition  to  all 
Fib  is,  it  must  be  borne  in  mind  that  some  isolated  lymph  corpuscles  are 
^destitute  of  nuclei,  so  that  the  variety  met  with  in  the  colourless  blood- 
cell  is  not  inconsiderable* 

Compared  with  coloured  cells,  the  white  are  somewhat  less  sensitive 

f  towards  reagents.    Observation  of  floating  blood*eells  teaches  likewise  that 

the  colourless  corpuscles  roil  about  with  less  ease,  adhere  more  frequently, 

uid  ia  general  change  their  position  with  more  sluggishness  than  the 
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otlieFt,  which  has  been  set  down  to  a  certain  clamminefis  of  their  eur£ica. 
Again,  they  are  epecifically  lighter  than  their  red  companions.      In  a 
drop  of  hloöd  copiously  diluted  with  water  they  gradually  collect  on  the 
snrtace.     We  will  refer  again,  lower  down,  to  tljeir  poaition  in  whipped ^ 
ii3  wen  m  coagulated  blood,  m  the  best  proof  of  their  lower  speciiftff^ 
gravity, 

R£MAaKSp--l.  It  ia  now  mail  J  yenr«  Bioce  U^art&n  Jm£§  first  demonslrat««!  finely 
ftQdcovsely  gmanlar  Ivmjrh^corpUBcka  in  the  blood  of  the  most  different  Tertebmt«»* 
(FUlOBoph.  Tranmd.  1 S46.  Part  IL  p.  Ü3. )    2.  Whilst  th«  red  blood-cell  of  the  hnmm 
hmag  ia  incapable,  owing  to  it«  uhtLracten^tic  peculiantk%  of  being  eonfontidtid  in  i 
Bjof  WAV  wUh  othitr  eel b  of  the  body»  it  i»  quit«  another  maUer  with  the  colourlesi  ' 
cuTpusclea.     In  many  Jlnida  of  the  syatem,  oontainmg  protein  tuAttera  in  aolntton, 
wu  meet  with  very  similar^  or  more  floirectly,  identical  c^lla  -—in  chvie»  in  lymph, 
mncua,  i*ns^  and  »abvft;  to  distin^iUh  ttie^  from  the  others  is  trnpoBsible.     Thero 
G«in  be  hanlly  utiy  doubt,  «üäo,  that  the  deviations  from  the  tjpicuJ  form  fneotioQe^  I 
above,  may  lie  partly  owing  to  ditferencea  in  age  ;  bat  to  deteruun«  which  are  olU 
09U1  and  which  yoting  U  hardly  po«öihle.     These  colourless  elements  exist  also  in  thtf 
blaod  of  aauiiala,  hut  subject  to  Jess  variation  as  to  size  than  the  coloured.     Accord«! 
ing  to  the  dimenaioüs  of  the  latter,  they  may  be  the  largest  or  amalleat  ol  the  twiyj 
apecies. 

§70. 

In  fresh  blood  the  red  cells  give  no  signs  of  an  active  change  of  fonn, 
and  are  only  remarkahle  for  their  elasticity  and  extensibility»     The  whita 

corpuscles,  on  the  other  hand»  belong» 
in  almost  every  case,  to  the  class  of  eün- 
tradiU  cdh  already  mentioned  (j  4$)  j 
and  can  retain  this  power  of  motion  for 
many  days  in  blood  which  is  preserved 
cool     In  cooled  preparations,  however, 
these  chaiigea  of  figure  can  only  be  re- 
*cognised  with  tlifficulty,  and  take  place 
but  slowly  (fig.  117).     15ut  the  whole 
Bcetie  is, changed  if  the  normal  tempern» 
tu  re  of  the  body  be  artificially  main- 
tained during  examination  (fig,  118)* 
We  can  then  distinguish  a  lively  do- 
ve! opnient  of  frequently  very  long  pio- 
B^  and  wonderful  configu rations  of  the  lymph-corpuscle.     The  latter 
creeps  at  the  same  time  hither  and  thither  over  the  glass  plate,  and  takes 
up  small  particles  of  any  matter  in  the  neighhonr- 
1^  ^^  hood  into  its  interior,  euch  as  cinnabar,  carmine, 

^^b  jHB^  or  milk-globules,  &c.  But  for  this  it  is  requisite 
^^H  ~^^tt^V  that  the  lymph-corpuscle  have  attained  a  certain 
magnituda ;  smaller  ones  put  forth  but  inconsider* 
able  procösses,  and  do  not  alter  their  position,  while 
the  most  minutL%  measuring  perhaps  0*0050  mtSL^ 
do  not  even  possess  the  power  of  varying  their 
fihapa 

These  changes  of  form  and  locality  of  the  I^Tnpb- 
corpuscle  may  be  also  very  easily  seen  in  the  blood 
of  cold-blooded  auimals :  the  frog  and  salamander 
aiford  excellent  e^famplea. 

The  numlier  of  white  blood-eeUs  compared  irith 
the  coloured  is  always  inconsiderable,  and  in  the  human  being  as  a  rule 
small;  to  a  thousand  of  the  latter  we  find  at  most  two  or  tht^ 
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colouxlesa  corposclea     Their  numW  is  smallest  during  the  houre  of  fast- 
ing, -when  it  may  fall  to  about  from  2  or  3  pot  thousand  to  1000: 0-5* 

Old  age^  also,  is  usually  actiompasiied  hy  a  decrease  in  tlie  comparative 
number  of  lymph-corpuscles.  On  the  other  hand,  tkt^r  quantity  increase» 
on  the  introduction  of  food  into  the  system^  and  especially  after  an  abun- 
dant meal  of  animal  fiubstances.  Finally,  we  are  told  tiiat  duriiig  pr^g- 
mmej,  and  at  an  early  age»  a»  well  as  after  severe  hrnmorrhages,  tho 
mmtbo*  of  these  cells  is  greater  than  usual»^ — facts  which  all  indicate  a 
lively  fonuation  of  blood  going  on  at  those  particular  pericvds. 

We  Ündf  also,  that  the  proportions  of  both  species  of  cell  are  not  the 
»me  in  the  various  parts  of  the  circulatory  system.  It  is  especially 
worthy  of  note,  that  the  streams  of  blood  flowing  from  the  liver  and 
spleen  are  uncommonly  rich  in  colo\irless  cells^  so  that  of  tliese  we  may 
reckon  5,  7»  12,  15,  and  more^  to  each  thousand  of  red.  Under  certain 
pathological  conditions»  also,  the  relative  proportions  of  both  forms  may 
vary  very  muck  In  that  strange  diseaae,  more  nearly  investigated  by 
Vtrchotüf  which  is  known  by  the  name  of  leucoimia,  the  white  corpuscles 
may  make  their  appearance  in  such  multitudes  as  nearly  to  equal  the  red 
in  number,  so  that  w^e  may  sometimes  count  to  every  Üve  or  three  red,  one 
whilo  celL  Indeed,  it  appears  that  the  lymph-corpuscles  may  in  some 
cases  attain  a  numerical  prepondemnce  over  the  coloured  ekments. 

It  is  a  very  interesting  study  to  watc-h  l!*o  pasasige  of  both  species  of 
blood-cell  through  the  vessels  of  a 
living  animal  For  this  purpose  the 
thio  web  of  a  frog's  foot  (hg,  119),  or 
tail  of  a  tadpole^  may  be  chose  u.  H  ere 
ire  see  the  red  corpuscles  hurrying 
on  swiftly  and  easily^  and  oflen  pass* 
ing  one  another  in  the  race,  while 
the  white  cells  advance  with  far  less 
rapidity,  owing  to  their  adhesiveness, 
and  not  iinfrequenlly  remain  cling- 
ing to  some  point  on  the  internal 
surface  of  the  resseL  Here,  again, 
we  may  convince  oumelves  of  the 
eliisticity  and  eKteBsihuity  of  the 
oorpuscle,  which  appears  at  one 

ment  diminished   in  breadth,  for 
,ce,   or   imiented   at  the   point 
where  it  squeezes  past  a  neighbour, 
the  next  taking  on  its  old  form  on  again  arriving  in  the  unimpeded 
stream. 

But  these  passive  variations  in  shape  are  met  with  t^  a  far  greater 
extent  in  the  red  corpuscles  of  circulating  mammalian  blood,  which  pre- 
sent to  our  view  all  kinds  of  forced  changes  of  form  so  long  as  the  fluid 
is  ta  motion,  immediately  returning,  however,  to  the  well-known  disk- 
shaped  figure  at  the  moment  it  attains  a  state  of  rest  {Eothit). 
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5  71. 

If  we  BOW  inquire  into  the  origin  of  tbe  colourless  ccUs  of  tha  blood, 
there  ean  be  but  little  doubt  as  to  that  of  a  certain  number  of  them  at 
laasi     They  are  simply  the  cells  of  the  chyle  and  lymph-systems^  and,  as 
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Wo  ßliftll  pT68inÜy  see,  have  been  partly  washed  passively  out  of  th« 
glands  of  the  latter,  partly  have  migrated  actively  from  the  snnie.     They  ] 
may  come  likewise  from  the  tisaue  of  the  spleen  and  medulla  of  bones,  car- 
ried off  from  these  organs  by  the  stream  of  venous  blood  Ho  wing  from  them. 

And  touching  their  further  siguiiicance,  they  have  been  for  many  yea» 
regard ed*  and  we  may  now  say  rightly  bq,  as  cells  which  are  destined  to 
pass  into  red  oorpuacies,  and  thus  to  cover  the  loss  of  the  latter  aecordlng 
to  the  rate  of  their  decay.  The  colourless  cells  serve  to  replace  the  red 
therefore. 

This  conjecture  has,  moreover,  been  confirmed  by  a  remarkable  diBcoTeirj  ^ 
of  VöTi  Eetklimjhaumn,  that  fiog'a  blood,  collected  in  a  vessel  and  kept 
from  evaporation,  while  the  air  about  it  is  renewed  eeveral  times  dmily^ 
will  show,  in  from  eleven  to  twenty-one  days,  a  trani formation  of  the 
eolomieas  corpuscle  a  into  the  characteristic  red  cells  of  that  animal  How 
müny  or  how  few  of  the  uncoloured  cells  undergo  this  change  in  the  living 
body  is  a  question,  however,  which  cannot  at  preeemt  be  met  by  acientific 
facts.  The  statements  made  on  this  point  must  necessarily  vary  grt?atly, 
depending  as  they  do  on  the  hypothesis  as  to  the  amount  of  chyle  and 
lymph  streaming  daily  into  the  blood,  as  well  as  on  the  still  completely 
unknown  length  of  existence  of  the  coloured  blood-cellg.  It  seems  lüghly 
probable,  however^  that  a  large  number  of  these  oolourless  elements  never 
attain  thi«  state,  and  pass  to  decay  without  being  tmnsformed  into  red  cells. 

But  we  are  also  still  in  the  dark  as  to  how  this  change  exactly  take» 
place.  We  only  know  so  much  that  the  white  corpuscle  is  transformed 
(usually  diminishing  in  bulk)  into  a  circular  tiat  plate^  and  generates 
within  itself  a  yellow  material  at  the  same  time  that  it  loses  its  nucleus 
and  protoplasm.  Among  the  groups  of  vertebmtea  in  whose  coloured 
cellfi  a  nucleus  occurs,  the  ktter  structure  is  permanent 

Kor  are  we  better  enlightened  aa  to  the  r^ion  in  which  this  chAiig)S 
takes  place.  In  some  cases  it  appeAt»  to  be  over  the  whole  circulator 
tract ;  for  we  may  remark  in  the  blood  of  the  three  lower  classes  of  ver- 
tebiatee,  mre  Intermediate  forms-^that  is,  besides  the  usual  nucleated, 
red  oorpnseles— others  of  a  much  paler  colour,  with  round  or  oval  figure 
(pftlo  blood-corpuscleB),  These  may  he  readily  recognised,  especiidly  in 
the  lai|[e-eelled  blood  of  the  frog  and  salamander  (2),  Then,  again,  very 
similar  cells  may  be  found  in  the  blood  of  the  human  and  mammäli&n 
spleen,  of  which  it  is  difficult  to  say  whether  they  still  belong  to  tht 
lymph-corpuscles,  or  are  already  red  blood-cellfl*  Finally,  similar  inter- 
mediate ceUi  are  met  with,  according  to  Bizsozsru  and  Neunuinnf  in  th« 
medulla  of  bones,  ©specially  in  the  red  species  of  medulla, 

EsMABKi.— L  fS«e  Tim  MBckHn^koM^n^  jn  the  Archiv.  Oir  mikrotk.  Anftlomi^  B4. 
IL  i  1S7.     2.  C«mp,  Whartim  Jotui  work. 

§72. 
Though,  from  an  anatomical  point  of  view,  blood  may  appear  a  toler^ 
ably  simple  tissue,  with  fluid  intercellular  substance,  physiologically  it  k 
a  fluid  of  very  complex  constitution.  In  it  we  have  the  very  focus  of 
vegetative  activity,  the  stream  upon  which  all  the  traffic  of  the  system 
takes  place  as  it  were.  In  it  wo  must  expect  to  find  matters  which  serve 
US  well  for  the  formation  of  tissues  as  for  nutrition.  These,  however,  may 
still  exist  la  several  varieties  of  combination  not  met  with  in  the  tissues. 
The  most  diverse  products  of  metamorphosis  also  pose  tli rough  the  blood 
on  their  way  to  excretion.     We  can  hardly  he  surprised,  then,  that  almost 
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all  the  most  important  eubsUnces  in  thö  system,  with  wHch  w©  were 
made  acquaml^d  m  a  former  part  of  the  work,  are  represeöted  in  the 
HockL  Mmiy  gaps,  however,  still  exist  in  ouf  knowledge  on  this  parti- 
ciliar  bfanch  of  physiology,  owing  to  the  difficulty  of  the  subject. 

The  matters  which  may  at  present  be  looked  upon  with  raore  or  less 
certainty  a«  constituents  of  the  blood  are  the  foüo wing : — 1,  From  the 
albuminoii»  group — hiemnglohin,  albumen^  the  two  eoosLituents  of  fibrin, 
namely^  fibrinogen  and  hbrinoplaBtin,  near  to  which  we  place  globnlm, 
obtained  by  the  splitting  up  of  the  latter.  Casein  is  not  found,  nor  are 
the  glutinous  aubsUnces  or  elastic  matters. — 2*  Of  the  solid  fatty  adds 
(tiBually  aaponiiied,  more  rarely  as  neutral  fata\  stearic,  palmitic  (and 
margaric  1)  aeids^  to  which  oleic  may  be  added*  Of  the  volatile  fatty  acids, 
we  find  butyric,  M'ith  lecithin  aud  cerebrin  from  the  brain. — 3.  Of  the 
carbohydrateSi  grape  sngarj  whilst  sugar  of  milk  and  inosite  are  misaed. 
— 4,  Of  non- nitrogenous  and  nitrogenous  acidsj  we  find  lactic  and  suc- 
cinic [%  whilst  others,  aa,  for  instance,  oxalic,  benzoic,  and  gallic  acids, 
«re  absent. — 5>  Of  amidesi  amido  acids,  and  bases,  urea,  kreatin  (1),  krea- 
tinin  (?),  hypoxanthin  (1),  and  xanthin  (I);  whilst,  on  the  other  hand, 
other  allied  matterB,  as  leucin,  tyrosin,  glycin,  taurin,  are  not  contained  in 
il — 6,  Of  extractives ;  and  finally, — 7,  numerous  mineral  constituents, 
among  which  we  ftnd,  bedde  water — of  bases,  lime,  magnesia,  potash^ 
eoda;  and  of  metals»  iron,  copper,  manganese  (1) ;  of  acids,  carbonic,  phos- 
phoric, sulphuric,  hydrochloric,  and  silicic  ;  and  finally,  of  gases,  carbonic 
acid,  oxygen,  and  nitrogen. 

A  chemical  analysis  of  this  kind  of  the  whole  mass  of  the  blood,  is  of 
Imt  little  worth,  however;  at  most  it  only  adds  a  few  facts  to  chemical 
statisties.  Such  an  enumeration  of  its  constituents  only  renders  evident 
thfti  in  it  are  contained  the  most  important  alimentary  matters,  as  weil  as 
tnany  of  the  products  of  transmutation  of  our  body. 

Owing  to  the  abundance  of  elements  of  composition  which  it  eontaiDS, 
the  first  and  most  important  point  to  be  made  out  is^ — L  What  substances 
enter  into  the  composition  of  the  red  corpuscles,  and  in  what  proportionÄ 
do  they  exist  thei^  ?  2*  Of  what  are  the  colourless  cells  composed  t  3. 
Of  what  materials  does  the  intercellular  matter  of  the  blood,  the  soK^alled 
plasma^  consist  t  4,  Since  we  must  expect  that  some  of  the  ingredients 
of  the  blood  exist  in  the  cellular  elements  as  well  as  in  the  fluid,  we  ought 
to  determine  hi  what  relative  proportions  they  appear  in  the  ceils  and  in 
the  plaami. 

In  this  way  alone  could  we  gain  anything  like  a  satisfactory  insight 
into  the  chemical  constitution  and  physiological  properties  of  the  blood, 
or  ascertain  what  the  blood-ceU  chemteally  is,  and  of  what  nature  the 
fluid  is  in  which  it  is  suspended,  and  with  which  it  is  constantly  engage^l 
in  interchange  of  mate  riot 

Do  we  now  ask  how  far  the  requirements  just  stated  are  to  be  looked 
upon  as  met  by  the  present  state  of  science,  we  must  hear  fclie  following 
points  in  mind  : — Firstly,  all  efforts  to  isolate  the  white  from  the  red  cor- 
puscles of  the  blood  have  been  hitherto  unsuccessftd.  We  are  completely 
in  the  dark,  therefore,  as  to  the  composition  of  the  former,  and  can  never, 
on  the  other  hand,  obtain  the  red  perfectly  free  from  the  presence  of 
the  colourless  elements, — a  source  of  error  which  is,  however,  but  incon« 
fiiderable  in  analysing  human  blood,  owing  bo  the  small  number  of  the 
latter  contained  in  it«  Then,  again,  it  is  only  occasionally  possible  to 
make  an  analysis,  which  is  then  but  approximate^  of  the  blood-cells  in 
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a  freak  atäte  as  they  exist  in  the  blood,  nainelyp  loaded  with  water.  This 
is  an  evil  which  renders  all  earlier  analjses  useless,  from  the  fact  that 
chemiatfl  were  compelled  to  reckon  the  whole  amount  of  water  contained 
in  the  blood  to  the  pkeraa  alone,  which  was  quite  incorfect«  as,  instead 
of  that,  it  slionld  have  been  dietribnted,  of  coiirBe,  between  the  kttar  and 
cells.  The  plasma,  accord ing  to  this  mode  of  calculation,  appeared  to 
haye  a  naturally  large  proportion  of  water,  while  wide  pky  was  given  to 
the  theories  in  regard  to  the  constitution  of  moi§t,  moving  blood-eells. 

§73. 
Some  years  ago   the   pioportion   of  moist  cells  in  the  blood    was 
ascertained  by  Hoppe,     It  is  necessary  to  have  for  this  analysis  blood 
which  coagulates  unusually  slowly,  so  that  the  sinking  cells  may  bavo 
already  disappeared  at  the  time  of  operation  from  the  uppermost  lay*?r  of 
the  fluid.     If  we  now  ascertain  the  proportion  of  fibrin  contained  in  a 
certain  quantity  of  this  plasma  freed  from  cells,  and  likewise  in  a  given 
qnantity  of  blood,  it  is  easy  to  find  the  amount  of  blood-plasma  by  a  simplo 
calculation,  and  likewise  by  subtraction  that  of  the  moist  corpuscles. 
The  following  ia  the  composition  of  horses'  blood  according  to  Hoppe: — 
1000  parts  contain — 

Plasma, 6  73 '8 

Moist  corpuscles 326*2 

1000  parts  of  blood-corpusclea  contain — 

Water, 565 

Solid  constituents, 435 

1000  parts  of  plasma  contain — 
Water,    .        .        .         *    *    •        .        ,         .         908*4 
Solid  constituents,  .         *        *        .         .         .  OTB 

Fibrin, 10*1 

Albumen,        ,,.....  77  *ß 

Fats, 1*3 

Extrectives, 4*0 

Soluble  salts,  .......  6 -4 

Insoluble  do,,  ..,.*.,  1  *T 

From  the  foregoing  analysis  we  see  that  the  proportion  of  water  in  the 
cells  is  not  quite  jths,  while  in  the  plasma  it  is  ^tbs,  with  wliich 
the  differences  in  specific  gravity  agree  (cells  =  1*105  plasma  •«  1*027-28 
in  the  human  being).  We  shaU  presently  find  that  tbe  solid  constitaents  of 
the  blood-corpuecle  consist  principally  of  haemoglobin,  a  matter  which 
ii  entirely  abs(^nt  from  the  plasma,  whilst  hbrin  and  albumin  ore  sub- 
stancea  belonging  particiilsrly  to  the  latter 

§74. 

If  we  now  turn  to  the  consideration  of  the  mmpomiwn  of  tfm  Mocd* 
cdli^  that  of  the  colourless  elements  must  he  passed  over,  in  that  they  can- 
not  be  isolated  as  already  remarked.  The  little  which  might  bo  said  of 
them^  besides,  can  be  more  appropriately  brought  forward  when  wt  are 
discussing  lymph  and  chyle. 

Eed  cells,  as  they  appear  in  human  and  all  mammalian  bloody  are 
structures  destitute  of  a  nucleus,  consisting  of  a  homogenoiis  yellow  gela- 
tinous substance,  in  which  a  lively  interchange  of  matter  niny  be  rt^cog^ 
nised  AVk  substances,  accordingly^  which  are  contained  in  the  blood-cell, 
must  he  90  in  a  state  of  gelatinisation  or  solution,  if  we  deny  the  presoncts 
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of  a  membrane  on  the  cell.     The  eiemeBts  of  eompositiüo  b^^Jongmg  to 
the  red  corpuscle  are  numero^is. 

In  the  first  place,  the  edhbmiy  consista  of  hiemoglohin  (§  13)^  as  wm 
already  mentioned,  Uivisiblo  iulo  two  substanoeB— ^an  olbtimiiiQua  and 
pigmentiuy,  known  reapc^tively  aa  globulin  (§  12)  and  htematin  (§  35), 
The  tir&t  of  the^o,  however,  has  only  Vieen  obtained  in  an  impure  state» 

both  bodies  defy  perfect  Bepara- 
■tion  frcm  one  another.  It  appears  in 
the  cell  in  far  larger  proportion  than 
the  colouring  matter ;  for  instance, 
1000  parts  of  hlood-corpusclea  from 
the  horse  contain  3 GO  4  of  solid  con- 
it  went  s,  of  which  1Ü-9  consist  of 
lijemjitin  and  321 '1  of  globnlin, 

Bl*^*d-üryäaU,    which    were    dis- 
covered iirat  by  Funke  in  the  blood 

the  iplenic  vein,  have  already  been 
flidcnssed  (§  IS). 

The  erysUllixing  substances  of 
blood^ella  are  not  by  uny  means 
always  identical^  a  fact  wbieli  ia  indi- 
cated by  the  greater  or  less  riMuline^e 
with  which  crystallization  comTuentea 
in  the  blood  of  various  species  of 
animals,  and  wlucli  is  further  corroborated  by  the  varieties  in  the  cry- 
stilHne  form  (figir.  120,  121), 

JYif*  cöhurhig  matter  nf  blood  is,  on  account  of  its  composition,  into 

mrhich  iron  enters,  on©  of  the  ^^ 

rniost    re  mark  able  aubatancea  .-^^f^^^^    ^j"^''^^^       a/ 

of  nor  body.     Not  being  met      ^  "^  /i^^^^VirS  ,    ^-'    y)J^J^ 

with    either   in    the   plasma 

or   the    fluids    compensating 

the    blood   for  loss,   namely, 

lymph   and    chyle/  it  must 

be  fiirmed   by  the   chemical 

Mcttvity  of  the  blood -eel  I  by 

a   procejis   still   unknown   tu 

uf.       It   is   not  always  con- 
tained in    the  same  amount 

in  the  corpusclü«,  which  we 
vinight  at  once  infer  from  tbe 
'variation  in  intensity  of  the 

lint  of  isolated  cells,  which 
^  at^  at  0ne  time  yellow,  an- 
I  nth  er  of  a  paler  hue.  Tlie 
IdifTi^tvnce  in  the  colouring,' 
Ipmpertiea  of  certain  kinds  of 

blood  when  mixed  with  water 

point«  to  the  siame  conclusion. 

Fibfinnplaatic  matter  (Schmtdi)  has  also  been  met  with  in  tbe  blood- 

©ell,  and,  it  appeal«,  in    no    inconsiderable   quantity;  besides   which. 

Jecilhin»  ccrehrio,  and  cholestearin  (§  21)  (fhfppe^  Hermann)  h^^T^  been 

met  with  here.     A  proposition  first  made  by  Bm-zdlim,  that  the  *'  fatty 
9 
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Itulnen  pig  <ibove);  Irom  the   horw   (Imrsr 
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Tnattera  containing   phosphorus"  found  m  the  blood  might  possibly 
hülong  to  the  cell,  was  subsequently  shown  by  Lehmann  to  be  quite  cor 
rect     The  cells  of  venous  blood,  nioreover,  appear  to  be  richer  in 
CBFabnil  substances  than  those  of  arterial  blood. 

Of  ibe  products  of  decomposition  of  the  blood-corpuscle  but  little  is 
as  yet  known,  except  that  h^ematoidin  (§  35)  niay  be  regarded  a»  a  trans- 
formation product  of  blood-cells  breaking  down  in  ibd  living  body;  as 
also  bilirubin  (5  37),  and  in  all  probability  cholesteariii. 

As  far  as  these  matters  generated  by  the  trangmntativö  power  in  the 
cell  do  not  rapidly  leave  the  latter,  or  undergo  further  metantorphosi« 
immediately^  they  appear  in  the  iiniii  tores  ting  form  of  the  so-called  extrac- 
tive matters  {p,  54,  remarks). 

Finally,  the  nature  of  the  mineral  constituents,  proper  to  the  cell  in 
contradistinction  to  thoae  of  the  pl^ma,  is  of  great  interest,— an  aapeet  of 
blood  analysis  first  brought  under  notice  by  C  Schmidt  Among  the  salt* 
of  the  blood-cell  there  appear  some  which  are  soluble  in  water,  but  in 
smaller  quantity  than  if  the  cell  were  simply  satnratcti  with  plasma. 
Further,  the  cell  appears  to  be  poorer  in  chlorine,  but  rich<^r  in  phosphoric 
acid  than  the  plasma;  it  likewise  shows  a  much  larger  propiirtion  of 
potash,  and  on  the  other  hand  a  considerably  smaller  one  of  soda  than 
tha  latter  fluid.  Thuß,  wo  ßnd  in  it  principally  the  phosphates  of  the 
alkalies,  together  with  chloride  of  potassium,  whilst  chloride  of  si^dium 
preponderates  in  the  liquor  sanguinis.  The  latter  is,  moreover,  richer  in 
pbosphatic  earths  than  the  cell. 

Now,  since  iron  is  not  met  with  in  the  intercellular  fluid  (0.  SehTnidi), 
all  of  this  metal  which  exists  in  the  hlood  must  be  contained  in  the  cells. 
Copper,  also,  and  manganese  (whose  presence  in. the  blood,  however,  muit 
be  still  regarded  as  doubtful),  ought  also,  according  to  analogy,  to  belong 
to  the  contents  of  these  elements. 

Finally^  the  red  corpuscles  possess  of  gases  almost  all  ibe  oxygen  of 
the  whole  fluid,  which  gas  is  retained  in  loo&e  chemical  combination 
with  the  haemoglobin,— a  fact  wbich  may  be  looked  upon  aa  the  greatest 
in  pbysiologieal  significance  of  any  yet  adduced  in  connection  with  the 
little  structure  in  question.  Besides  thii«,  the  corpuscles  contain  a  con- 
siderable amoimt  of  carbonic  acid  {A.  SchmuM). 

What  the  nuclei  of  the  blood-corpuscles  of  the  lower  vertebrate  animab 
consist  of  is  not  yet  known  with  certainty;  it  is  generally  supposed  to  be 
of  some  albuminous  stibatafice  like  jübrin»  although  a  recent  observer^ 
Brunt  on,  believes  them  to  he  composed  of  mucin, 

§75. 

The  number  of  substances  held  in  solution  by  the  intcrcplluhti* ßuid  of 
the  blood  is  still  more  considerable  than  those  contained  in  the  cell 

First  of  ail,  we  meet  in  the  plasma  with  «everal  matters  belonging  to 
the  albuminous  group. 

In  the  first  place,  the  two  constituents  of  fibrin,  namely,  fibrinogen 
and  tibrinoplaätin,  the  latter  finding  its  way  into  this  fluid  from  the 
blood-cells  (5  11).  Coagldiit-ed  fibrin  formed  from  tlieso  appears  in  the 
proportion  of  about  4  in  1000  parts  of  liquor  aanguinb,  but  is  liable  to 
vary  considerably  a^  to  quantity^  even  in  the  healtliy  subject. 

Albumen  (serum  albumen)*  wliich,  as  previous  analyses  have  shovrn,  ia 
contained  in  far  larger  proportion  in  liquor  sanguinis  than  Übrin,  is  very 
probably  held  in  solution  by  salts. 
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Stildea  thb,  Another  matter  belonging  to  the  albuminoid  group  is 
generally  present,  namely,  the  "  aerum-casein "  of  Fanum;  yet,  aa 
we  have  already  m&n  (§  11),  it  is  probably  nothing  else  than  Schmidi'i 
hbrinoplai^tiiu 

As  to  the  fata  uoiitüm*?d  in  serum ,  very  little  is  at  present  known» 
Tliey  oct!Ur  for  the  great^^r  part  in  the  state  of  soap,  and  dissolved ;  more 
rafely  eusjiended  in  the  form  of  fine  molecules.  Should  tbey  become 
nti  nan  ally  abundant  in  the  latter  form,  a  cloudy  opalescent  appearance  may 
Ihi  communicated  to  the  blood,  although  this  h  more  frequently  the  effect  of 
tt  mtdecular  precipitation  of  some  albuminate.  Moreover,  it  appears  to 
be  the  ordinary-  fatty  aeidd  wbich  enter  into  the  composition  of  the 
fierous  fiit3,  ami  we  are  warranted  iu  accepting  the  pre&ence  of  oleic, 
palmitic,  fltearic  (ttml  margaric  ?)  acids  here  (§  17).  Further  a  peculiar 
eubst-iince,  eholesteariu,  alreaiiy  mentioned  (§  21)^  is  to  be  found  in  small 
quantity  in  the  pjasma. 

Turning  now  to  the  remaining  and  better  known  conatituents  of  plasma, 
whit^h  may  be  regarded  for  the  most  part  aa  products  of  dt^ composition, 
we  hnd  their  number  very  considerable,  owing  to  the  nature  of  the  fluid. 
The  following  notea  may  be  said  to  contain  almost  all  that  ia  at  present 
known  about  them. 

Among  the  organic  acids  the  exbtence  of  lactic  acid  in  healthy  blood 
ii  not  yet  entirely  beyond  doubt,  but  it  has  been  found  in  the  latter  under 
ahuomtftl  conditions.  Blood  may  also  contain  formic  acid  from  the  group 
of  fluid  fatty  acids.  Acetic  acid  has  been  remarked  after  indulgence  in 
alcohol  (§  lö)j  and  succinic  in  the  blood  of  phytophagous  mammals  (§  24). 

The  non-existence  of  taurocholic  and  glycocholic  acid  in  the  plasma  is 
again  of  the  liighest  physiological  importance,  whilst,  on  the  other  hand, 
uric  acid  is  met  with ;  the  existönee  of  liippuric  remains  dcmbtful  (§  26), 
Among  the  organic  bases  we  must  accept  urea,  kreatin*  kreatinin  (f); 
hypoxautbin,  and  pri>bably  also  xanthin,  as  being  many  of  them  present 
in  the  Uuid  under  normal  conditions,  b>  series  which  will  probably  be 
mlarged  in  the  next  few  years.  Leucin  and  ty rosin  only  appear  patho- 
lf>gically  ;  they  may  occur  in  the  blood  during  diseases  of  the  liver.  In 
All  Jit  ion  to  these  subertÄDces  we  have  grape  sugar  also  {belonging  to  the 
gMup  of  hydrocarbons)  m  a  constituent  of  plasma  {Bernard  and  Ü, 
tSckmidf):  it  IS  partly  introduced  as  «uch  into  the  system,  and  partly 
formed  iu  the  liver.  This  substance,  oa  Lehmann  and  Bernard  have 
shown,  is  not  to  he  found  at  all,  or  only  in  traces,  in  the  blood  of  the 
vena  ]>orta^  whilst  that  of  the  hepatic  vein  is  rich  in  it.  Milk  sugar,  on 
the  contrary,  is  probably  absent ;  inoaite  has  not  been  observed. 

Finally^  there  exists  an  unknown  colouring  matter  in  the  liquor 
sanguinis,  which  gives  rise  to  it^  pa!e  yellow  tint.  The  pigmentary 
matl^rs  of  the  bile  are  absent  here,  on  tiie  other  hand,  in  its  normal 
condition  (at  least  usual )y).  As  to  the  extractives,  their  amount  iu  the 
jiiosma  is  greats- r  than  in  the  cells. 

Kow,  when  we  come  to  consider  the  mineral  matters  of  the  plasma,  we 
find  them  essen tiidly  Gitteren t  in  quantity  from  those  of  the  Hood- 
corpuscles,  The  proportion  of  chlorine  is  more  considerable  here  than  in 
the  cell,  but  that  of  phosphoric  acid,  on  the  other  hand,  smaller ;  and 
whilst  the  amount  of  potash  exceeded  that  of  soda  in  the  cell^  the  case  is 
completely  reversed  in  plasma,  the  quantity  of  soda  salt^,  and  more 
especially  of  chloride  of  sodium,  preponderating  in  the  latter. 

Further^  the  liquer  sanguinis  contains  bicarbonate  of  soda,  a  small 


122 


MAHÜAL  Of  HISTOLOGY. 


qaantity  of  silicic  a<3id,  imd  probably  alao  traces  of  ^uoride  of  calciunL 
Salts  of  ammonia  are  also  present,  in  all  probability,  in  healthy  living 
blood»  though  in  very  small  amount.  Iron,  as  was  already  mentioned»  is 
missing  in  the  plasma. 

Ill  conclusion,  the  plasma,  like  all  animal  ßuida,  containB  al*sorbed 
gasea, — small  quantities  of  0  and  N,  and  a  larger  amount  of  CO,; 
boaidea  this,  carbonic  acid  appeals  in  douhlö  chemical  combination ; 
loosely  combined,  it  represents  the  second  acid  atom  of  bicarbonata  of 
sodium,  and  is  besides  united  in  a  subordinate  manner  with  the  phosphate 
of  the  latter  (|  43).  In  fixed  combiuation  it  i^  supposed  to  constitute  the 
first  acid  atom  of  carbonate  of  eoJium, 

Re^AaRS. — Volatile  fatty  acids  belonging  to  tb?  liigher  memberi  of  the  teri^ 
uppear  to  he  not  entirely  alvieut ;  witnese  tlje  peculiiLr  odour  of  fr^h  blood.  Thm 
Qtloiir  may  ha  due  to  the  prü&eiic«  of  hutyrie  acid,  ulthüugh  thft  kttcr  luia  not  yet 
hi<ei]  proved  to  ext^t  in  the  blood* 

In  the  foregoing  section  we  have  had  an  example  of  the  mean  com- 
position of  the  blood.     But  it  stands  to  reason  that  the  latter  must  bei 
subject  to  great  variation  in  the  proportions  of  its  constituants,  accordingl 
to  age,  sex,  and  other  ci re umstiince^— according  to  the  apecics  of  food,] 
and  state  of  the  secretiona^  evea  in  our  healthieat  days.     However,  tb^« 
considerations  belong  more  to  pliyaitilogy  than  to  histochemistry.     The 
blofjd  of  men  is  generally  supposed  to  he  richer  in  cells  than  that  of 
women.     The  amount  of  corpuscles  decreases  also  with  increasing  age, 
and  ia  in  the  earlier  periods  of  life  smaller  than  in  the  adult  body.     The 
proportion  of  cells,  further^  sinks  with  bad  nourishment^  and  also  in  conse- 
quence of  great  loaa  of  blood.    Of  the  solid  constituents  of  the  intercellular  . 
fluid,  we  know  that  the  fibrin  is  subject  to  greater  variation  as  to  quantity  I 
than  the  nlbumen,     Tho  latter,  however,  occurs  in  far  greater  proportion 
than  fibrin,  and  muat^  in  fact,  be  looked  upon  as  the  moat  important  con- 
stitnent  of  the  plaama  for  the  support  and  formation  of  the  tissues. 

But  the  diiference  in  the  various  kinds  of  blood  of  one  and  tho  same 
body  is  a  subject  of  much  more  importance.  Blood  being  the  general 
nutritive  fluid,  enters  everywhere  into  an  interchange  of  matter  with  the 
tis?flUGsj  it  gives  up  certain  substances,  and  receives  others  back  again. 
And  in  that  the  chemical  constitution  of  the  several  tissues  and  oi^ans  is 
fliÖerent,  and  also  their  series  of  transmutntitms,  the  composition  of  th© 
blood  must  he  considerably  modified  in  the  vaiioua  regions  of  the  circu* 
latory  system-  For  instance,  we  wiU  find  blood  flowing  from  the  secretingi 
breast  of  a  woman  of  a  different  nature  from  that  which  returns  from  ' 
supplying  the  substance  of  the  brain.  But  these  deviations  are  still  mort 
ramarkable  in  the  glands  and  lungs.  The  blood  which  enters  the  kidney 
must  be  richer  in  urea,  uric  and  hippuric  acids,  and  certain  mineral  con- 
stituents, than  that  which  leaves  it  by  the  renal  vein.  Blood  which  flows 
from  the  lung  has  given  otf  carbonic  acid  and  water,  and,  on  the  other 
hand,  received  oxygen  ;  and  so  on. 

Owing  to  the  cmde  state  of  blood 'analysis,  this  productive  field  of 
inquiry  has  up  to  the  present  day  yielded  but  little.  We  are  even  now 
hardly  able  to  ascertain  anything  accurately  ;  thus  the  ditlijrence  lietween 
arterial  and  venous  blood,  and  tliat  also  between  the  blood  of  the  vena 
porta  and  hepatic  vein  :  again,  in  what  respect  the  Euid  contents  of  the 
epbnic  artery  difier  from  that  of  the  corresponding  vein. 
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1.  Arterial  and  mnofis  blood.  The  usual  manner  of  examining  tliese 
IB  to  compare  blood  tuken  from  a  vein  of  the  skin  witli  that  from  an 
aiieryt  consequently  only  one  kind  of  venoas  LlooJ.  It  is  generally  «up- 
pofted  that  arterial  blood  coagnlntes  mure  rapidly  on  the  wbole«  and  U 
ridier  in  tibrin»  extiuctivea,  water^  and  &n\U^  tlum  the  ^^enous;,  but  doea 
not  come  up  to  the  latter  in  its  amount  uf  alhumen  and  fata.  However, 
we  must  not  give  too  much  -weißht  to  this.  According  to  Lehmann^  the 
firaaller  vein^  contain  more  fibrin  and  water,  but  lesa  cells,  than  the  arte- 
nea  The  same  observer  found  that  the  oorpuiclea  of  art^irial  Mood  have 
more  haeniatin  and  saltSj  but  far  less  fats^  than  those  of  the  venous  Uuid. 
Again«  arterial  blood  posaesse^^  in  comparison  to  the  remaining  gafles,  more 
oxygeDj  while  venous  is  richer  in  carbonic  acid  :  the  corpuscles  of  the  first 
of  these  appear  red,  those  of  the  latter  more  or  lejs  greenish.  Yenoua 
blood  is  dichroic,  when  in  thick  layers  it  is  dark  red,  and  in  thinner  green 
{BrücJc^y  A  solution  of  reduced  hasmoglobin  manifests  the  same  dichroic 
pnopertieSj  whibt  oxyhsemoglobin  is  monochromatic. 

2.  Blood  from  the  vena  porta  and  heimtic  vein.  It  has  been  already 
n^marked  above  (§  70)  that  fewer  colourless  cells  appear  in  the  vena  porta 
than  in  the  hepatic  vein.  The  cells»  likewise,  of  the  latter  seem  to  difier 
from  tho§e  of  the  remaining  kinds  of  btood,  and  especially  from  those  of 
the  V.  pt*rtm  (§  67).  FinaDy,  no  fibrin  separates  from  the  blood  of  the 
hepatic  vein,  according  to  Lehmann  (a  statement  which  i©,  however,  qnes- 
tioned))  while  the  vena  porta  does  yield  ordinary  fibrin.  This  investigator 
directed  his  chemical  inquiry  towards  the  blood  of  horses  and  dogs,  and 
obtained  as  a  result  a  ranch  greater  richness  in  cells  in  the  fin  id  of  the 
hepatic  vein^  together  with  a  considerable  decrease  in  the  quantity  of 
water,  consequent  on  the  secretion  of  the  bile.  Further,  the  amount  of 
albumen  here  is  said  to  be  smaller  than  in  the  vena  porta.  In  conclusion 
(according  to  LeAmann)^  the  blood  of  the  hepatic  vein  is  poorer  in  salt« 
and  fats,  richer,  on  the  coutmry,  in  extractive  matters,  and  especially  so 
in  grape  sugar.  The  coloured  cells  of  the  liepatic  vein  are,  besides, 
remarkable  chemicailj  for  their  abundance  of  solid  constituent«,  but  the 
»mount  of  fat^  salts,  and  iron  in  them  has  at  the  same  time  undci^ne 
diminntbn. 

3.  lilrvod  from  the  efphnic  artery  and  VfUL  We  have  already  referred 
to  the  blood  of  the  splenic  vein  as  thut  which^  anatomically  speaking, 
ileviatcs  most  from  the  usual  standard  of  this  fluid,  in  that  it  posscj^es  a  very 
large  contingent  of  colourlees  corpuscles  (§  70),  and  contains  intermediate 
forms  betweeu  the  two  specie«  of  eel  Is.  It  is,  further^  rcmarkabla  for  the 
more  spherical  fignro  of  its  cells,  and  the  rc^diiiefts  with  wbirh  cryst^dliza- 
tion  Uikca  pljce  in  it,  as  Ave  have  seen  iu  ^octioo  13.  Funks  directed 
attention  also  to  a  somewhat  nioditied  form  of  lytuph  corpuscle  in  liiis  blood; 
it  is  of  larger  size»  aud  iiUcd  with  line  dark  granules.  The  only  real 
chwniciil  diiTtjrence,  however,  which  cotjld  be  distinguished  by  this  ob^rvet 
l»etwf*«?n  this  peculiar  kind  of  blood  atid  the  ordinary  kind  of  the  splenic 
vein,  wru?  a  decrease  in  the  amount  of  fibrin, 

4»  M*n>itrual  Uood.  This  blood,  which  u  poured  out  from  the  turgid, 
and  prolmbly  lacerated,  vesiels  of  the  titcrine  mucous  membrane  of  women, 
»t  int*?rvals  of  fonr  wrecks,  during  the  whcde  time  they  are.  capable  of  bear* 
ing,  is  rcmarkabb,  at  least  frequently,  for  a  defir^iency  of  fibrin.  It  ia  supH 
posed  that  the  latter  has  either  coagulated  already  within  the  ntenis^  or  is 
preveiited  fit>m  undei^going  this  cbaiige  by  the  admix^ttire  of  mucus  when 
pasaing  through  the  internal  genital  parted     But  we  are  aÜll  in  want  Uere 
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of  a  Batisfactory  ch.GUiicaI  aTioljeii.    Microscopical  exemlnatioii  aho%vi  the 
fluid  to  be  contaminated  witk  the  foim-e lernen ta  of  mucus. 

EZM.VRKS,^-1,  0ray^*(}nth4  Siratiurf  nnd  Use  ü/ the  Spieen,**  Loudon*  1854,  pp.  114 
and  1-47.     Here  we  find  tlift  abunilanc«  of  coburliM  deiuents  eorrobornted,     Atten- 
tio©  ii  tiflo  directed  to  the  constant  oecnrrtnee  of  dark  pigment  gninnlest,  or  anudl 
«tooj^tt^  crystnlUiie  formation u*  whinh  ure  occaaiouiill^*  con  tain r-d  in  ccUä.    2.  Al- 
Oon!it>g  to  <?niy,  iw!.  eii.  jk  152*  the  hiood  of  the  spleen  i«  poorer  in  eellii,  but,  on  the  , 
<»ther  hond,  richer  in  water,  fibrin,  elbnniin^  and  UU  than  otlier  hlooti.     We  shalli 
Imve  to  discus  later  on,  the  ocearrvnce  in  it  of  oUier  peculiar  matters,  in  conaidefwi 
ing  the  organ  in  qQ^iion. 


Thia  is  probably  the  most  suitable  place  to  conaider  more  closejy 
the  Yarieties  iii  coloui  in  arterial  and  venous  blood,  already  nieii- 
tioned. 

Tbe  colour  of  tbe  blood  (a  body-colour)  is  produced,  aa  we  have  ftlread] 
aeen,  by  the  presence  of  multitudes  of  coloured  cells  suspended  in  tbifl 
usually  colourless  intercellular  fluid.     Without  taking  the  subordinuta 
diüerences  into  account,  the  tint  of  arterial  blood  is  a  light  or  cherry  red, 
while  that  of  the  vdins  is  of  a  darker  or  bluish  red  tinge  (modena). 

The  following  is  all  that  is  known  at  present  uf  the  cause  of  these  viiri- 
ations  in  colour. 

It  has  long  been  knowu   that  certain   gases  produce  a  change   jij  tbe 
colour  of  blood.     From  time  immemorial  the  light  tint  of  the  aiterial 
fluid  has  biion  ascribed  to  the  action  of  oxygen,  and  the  darker  shade  of  J 
veins  to  that  of  carbonic  acid.     The  correctness  of  thiB  theory  is  easilfJ 
proved  by  conducting  a  etreara  of  tbe^  gases  aepaiattly  into  a  quantity! 
of  blood,    A  stream  of  o^ygerx  caugeg  the  latter  to  becoma  of  a  light  cheirf  ■ 
red,  and  carbonic  acitl  makes  it  dark.    Bejäidea  this,  blood  which  has  öto<Hl 
for  a  long  time  exposed  to  the  air  ia  always  much  lighter  in  colour  on  the 
»tirface  than  deeper  down* 

A  Bolutioi»  of  hsemoglohin  u  similarly  affected  by  a  stream  of  either  of 
these  gases. 

But  this  solution,  freed  from  formed  elements,  is  transparent;  it  has 
the  appearance  of  a  'Mac  colour/* 

If  we  allow  blood  U>  freeze,  it  displays,  on  being  again  cautiously  thawed, 
the  same  transparent  colour.     The  microscope  discloses  the  bodies  nf  the 
cells,  but  deeoloi'ised.     The  hiemo^^lobiii  has  passeti  from  them  in  solu- 
tion into  the  plasma.     Such  lac-erdoured  biood  conducts  itself  in  respc<!i 
to  its  colouring  properties  very  similarly  to  the  artificid  hscmoglobin  sollt* 
tion  of  tiie  chemist,  and  is  exactly  the  same  as  the  latter  after  complete! 
destruction  of  the  cellj?*     lU  transparency  is  much  greater  thnn  that  of 
normal  hluod  with  its  coloured  ceila,  and  it  appears  with  reflected  light] 
darker  thnn  the  latter* 

The  mort?  red  cells,  then,  the  blood  contains,  the  darker  and  moraopö^iDll 
is  it ;  ilie  less  it  possesses  of  such  elements,  tlie  lighter  and  mora  tmna- 
parent  dotjs  it  become,  seen  by  transndtted  light. 

The  form,  also,  of  the  celh  has  a  very  great  influence  on  the  tint  of  tbo 
blood.  All  agents  which  cause  the  red  corpu^sclcs  to  shrivel,  ns,  for 
instance,  a  concentrated  solution  of  common  salt,  alsu  render  the  blood  paler 
in  appeamnce,  as  Deen  by  reflected  light,  whiUt  all  reugents  which  produce 
an  expansion  of  the  cell,  such  as  water,  give  rise  to  a  darkening  of  the 
whole  fluid.  Such  blood  increases  also  in  trans  pare  ncy«  m  might  be 
expected« 
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It  hoE  been  main  tamed  by  H^isse  and  Ha^'les*  that  a  chango  nf  form  19 
prodiiceil  in  the  red  cells  by  the  action  of  carbonio  acid  and  oxypea  gas, 
tht!  ktter  detrreasing  its  sixe^  the  former  catiaing  it  to  swell  out.  This  baa 
been  doubte^i  by  Qtheis,  but  lias  again  received  svipport  firom  recent 
obeerrersk 

Many  other  things  may  aleo  act  on  the  colour  of  the  blood,  modifying 
it;  for  instance,  an  abnormal  prepondenmc«  of  colourlesa  elements  may 
produce  a  lighter  tint  in  the  Äuid  Thus  leucieniic  blood  often  appeara 
strikingly  ebanged, 

§78. 

Sinkt  nrj  0/  the  idood-celh. — ^Tbe  coloured  blood-oorpnsclifs  posaess,  aa 
has  he^n  alrea^ly  mentioned,  a  considerably  greater  ipecitic  gravity  than  the 
intercellular  fluid — about  m  Il05:r028in  man.  They  would  always, 
therefore,  sink  rapidly  to  the  bottom  in  a  vessel  containing  blood,  or 
indeed  in  any  quantity  of  the  same  in  a  state  of  rest,  in  obedience  to  the 
laws  of  gravity,  were  it  not  that  the  rapid  coagulation  of  tlie  jibrin  ren- 
dtis  this  in  most  cases  impossible.  This  gravitation,  however,  of  the  eella 
doe«  to  a  certain  extent  tako  place  in  blood  coagulating  slowly.  But  the 
process  may  be  distinctly  followed  up  in  blood  deprived  of  the  power  of 
coagulation,  by  being  beaten  up  or  mixed  with  other  reagents.  Here  we 
may  perceive,  after  a  eonsiderablo  time,  tlie  commencement  of  a  separation 
of  the  whole  mass  of  blood  into  two  po rt  10 ns^a superficial,  almost  colour- 
leas,  transparent  layer  of  fluid,  and  a  red  mass  of  coloured  cells,  occupying 
the  Uonr  of  the  vessei  Microscopical  examiiiation  sliows  that  the  second 
element  of  form,  the  lymphoid  cell,  has  taken  no  part  in  this  gravitation, 
being  a  lighter  body.  Comparison  of  examples  shows,  also,  that  thia  sink- 
ing of  the  red  celts  commences  sometimes  rapidly ,  and  often  after  some 
little  time. 

The  position  which  the  blood -corpuscles  of  human  beings  and  mam- 
malia (but  not  those  of  the  other  classes  of  vertehrata)  take  up  in  this  state 
is  peculiar.  Instead  of  floating  about  singly  in  the  fluid,  as  waa  the  case 
during  life,  they  now  lie  togetlicr  ^ 


o 


with  their  bnmd  surfaces  in  con- 
tact with  one  another,  forming 
■ggregations  (fig.  132,  e)  like 
rouleaux  of  coins.  If  we  follow 
up  this  formation  of  rolls,  which 
hugins  even  in  a  dro|i  of  blood 
freishly  taken  from  a  vessel,  and 
ohswrve  it  from  its  commencement  - 
on  und^r  the  microscoiie»  the  pro- 
cess is  seen  to  he  initiate  by  the 
Urning  together  of  pairs  of  cells, 
which  then  cohere  by  their  broad 
lurfftcea.  From  this  on,  the  rouleau 
grows  rapidly  by  the  addition  of 
n*jw  members,  and  it  frequently 
cornea  to  paas  that  other  little 
columns,  or  rouleaux,  range  them- 
selves with  tha  first- formed  at 
various  angles,  giving  rise  tti  the  foTmalion  of  dendroid,  and  often  almost 
net-like  figurea.     The  addition  of  water  at  tbii  stage  of  the  process  di«- 
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memhers  the  rouleaux,  m  tbat  the  severaJ  cells  swell  out  and  assame  the 
spherical  form,  and  thus  Btgain  »eparate  froin  one  another.    On  this  accotml  < 
the  roundish  corpttscles  of  the  blood  of  the  hepatic  and  splenic  vein  show 
no  eu£h  columuar  grouping. 

The  cause  of  thiB  formation  of  colunins  is  still  unknown.  The  explana- 
tioQ  of  the  phenomenon  through  the  adhesiveness  of  the  intercelliilaT 
fluid  or  ßarfacea  of  the  celk  does  not  suffice. 

At  all  events,  it  favours  the  descent  of  the  coloured  cell*  essen liallf, 
for  the  little  structures  thus  united  mur^t  be  able  to  orertome  better  than 
when  isolated  the  resist aace  oflered  to  their  gravitation  by  the  fluid. 
If  rouleaux  have  once  beeu  fotoied,  the  same  HettUng  dawn  makes  itself 
again  rapidly  evident  in  hlood  which  has  been  re  agitated. 

Remarks.^ It  i«  a  atrilting  fact  that»  on  the  addition  of  anything  which  renders 
the  intercellukr  «uhatanc«  more  dense^  Mj  for  instanC(?,  of  ooncentmUd  »obäition  of 
«ugftr,  tb«  settlinz  down  of  the  blood-cell  i  is  Aoeelerftt^dp  ttlthongh  just  the  oontnu? 

might  be  expected, 

§  79. 

Coafjtdation  of  the  Uood, — The  consistence  of  the  bloo<l  begins  very 
rapidly  to  change  a  few  minutea  after  it  has  been  obtained  from  the 
vessels ^ — it  coagulate«,  namely.  This  process  commences  much  more 
slowly  within  the  vessels  of  the  corpse,  or  in  sangwineoug  effusions  in 
the  interior  of  the  living  body*  The  latter  niAy  preserve  their  original 
coneistence  for  many  weeks. 

IfoWj  as  regards  the  phenomenon  itself^ — first  of  aU,  we  remark  the  com- 
mencement of  this  change  in  bloo<l  taken  from  the  living  body  in  from 
two  to  five  minutes.  The  first  «tep  in  the  process  ia  the  formation  of  a 
thin  pellicle  of  the  greatest  delicacy  on  the  surface  of  the  fluid,  which 
soon  acquires  greater  thickness  and  sulidityi  bo  that  it  may  be  at  length 
lifted  off  with  the  point  of  a  needle. 

Commencing  thus  on  the  surface  of  the  fluid,  this  formation  of  mem- 
brone  extends  itself  gradually  along  the  ßides  and  down  to  the  bottom  of 
the  vessel — in  fact,  at  every  point  at  which  our  sample  of  blood  comes  in 
fsontact  with  the  latter.  The  consiateuce  of  the  blood  so  encio3i.*d  then 
begins  to  change  \  it  becomes  firstly  somewhat  thick  ish,  like  a  half -cooled 
solution  of  glue,  attaining  not  long  aft^r  the  conaistence  of  stiff  ji-lly«  or 
of  a  saturated  cold  solution  of  glue.  Then,  at  the  end  of  from  aevon  to 
fourteen  minutes  the  blood  has  lost  all  its  fluidity,  and  baa  lieen  trans- 
formed  into  a  thoroughly  solid  mass,  whose  form  is  determined  by  tb^t 
of  the  vessel  in  which  it  is  contained. 

This  i.^,  however,  by  r»o  means  the  end  of  the  process.  The  solid  jelly, 
overcoming  the  adhi'&ion  to  the  walls  of  the  vessel,  contracts  subsequently 
more  and  more,  pressing  out  a  part  of  the  fluid  which  has  been  entangled 
iu  it  by  the  coagulation.  The  commencement  of  this  contraction  takes 
place  tolerably  early,  hut  it  only  reaches  its  termination  after  a  compara- 
tively long  period,  ranging  from  twel%^e  to  forty -eight  hours.  At  first 
there  appear  on  the  surface  of  the  coaguluni  a  few  drops  of  a  tpans^parent 
fluid  J  the  number  of  these  soon  increases^  upon  which  they  coalesce,  form- 
ing larger  drops,  and  at  last  run  together  int^  a  layer  of  fluid  which  coveni 
the  surface  of  the  coagulated  mass*  Whilst  the  coagulum  thus  pro* 
gressively  contracts  to  a  smaller  volume^  similar  layers  of  fluid  to  that 
on  tha  snrlace  collect  under  the  latter,  as  well  as  along  the  edges  and 
floor  of  tha  vessel^  until  the  mass  which  at  fii«t  adhered  closely  to  the 
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cup.  so  that  the  latter  could  be  turned  upside-dowji  without  its  falliuj;; 
#tit,  eommence^  to  float  in  the  cxpi^saed  liquid. 

From  thia  on,  the  process  only  undci^oes  a  quantitative  altemti on — that 
is,  a  tontinuoua  con  traction  of  the  Uinip  causes  it  to  de<-n*aae  more  and 
more  in  ait«,  at  the  eama  time  that  an  ever-increasing  quantity  of  fluid 
is  being  pressed  out  of  ita  interstices.  When  the  whfple  prof^esa  is  at  an 
end,  we  have  a  larger  or  iniaJJer  coaguluut,  sometimes  soft  and  anmetime» 
hard,  floating  in  a  varying  amount  of  transparent  fluid »  whieh  has,  like 
the  pWma,  a  slight  yellowish  tint.  The  coagnlatetl  mass  haviug  con- 
tracted unifornily,  preservea  the  figure  of  the  vessel^  and  forms  a  dimi nu- 
ll Fo  east  of  the  same,  appearing  in  an  ordinary  porcelain  basin  phino* 
caiiTijX,  and  In  a  test-tube  cylindricaL  Its  colour  is  that  of  the  hlood,— 
of  a  darker  red,  however^  at  the  lower  and  internal  portions  than  on  the 
suifäc«^  where  it  is  light 

This  rod  lurap  has  received  the  name  of  the  cms^umcnium  or  phrmtn 
mxiguifm^  while  the  fluid  in  wliicb  it  swims  is  known  as  the  eerum,  or 

'Now,  how  are  these  two  portions  of  the  coagnlafced  blood  related  to 
that  which  circulatea  in  the  living  body,  to  its  celb  and  intereelluhir 
iubt^tance  t 

We  must  remember,  in  the  first  place^  that  the  latter  is  a  fluid  con- 
taining the  two  constituents  of  fibrin  in  solution.  And  as  in  other  case^^ 
so  abo  after  withdrawal  of  the  blood  from  the  system,  iheae  combine  U\ 
foma  coagulating  fihrin^  by  which,  in  that  the  fibrinogen  ia  suttkient, 
the  whole  fluid,  together  with  its  ^ 

cells,  is  entangled  by  the  Rolidify-  ^B    ^  V     9 

ing  mass;  just  as  a  sohition  of 
glue  retains,  on  coolings  any  par' 
tides  which  may  have  been  sus- 
pended in  it— to  make  use  again 
of  this  ordinary  simile.  By  the 
progressive  contraction  of  the 
gelatinous  mass,  a  part  of  this  now 
deflbrinated  intercellular  fluid  is 
■wpressed  in  eve r-in creasing  pro- 

^^Brtion  from  its  meshes»  whilst  the 

^^H[KMi*celIs    remain    behind    en- 

HJpgled.  From  this  we  see  that  the 
lHjUor  eanguinis  consists  of  inter- 
cellular  tin  id  deprived  of  its  fibrin, 
or  iiviu  other  worda»  defibriuated 

plaama.  The  eramamrutum  must  Fig.  las^Hmn«!  w<M-«Ui :  eDAgalkted  ntjrin  at  *?, 
consequently    he    formed    of    the  wuu  deluded  ^r,,u«k». 

hlo0d'Cor|viiscles  entangled  in  coagulated  fibrin.  And,  in  fact,  micToscopical 
rxamiufttion  of  thin  sections  of  the  phteenta  sanguinis  shows  us  the 
aneliJinged  cells  embedded  in  a  homogenous,  fibrinous^  or  plaited  sub- 
itanc€«(fig.  123,  J), 

Of  course  a  more  o?  less  considemble  quantity  of  the  interceJlular  fluid 
tnust  ftill  remain  entangled  in  the  cake  of  blood. 

According  to  what  has  just  been  remarked,  serum  shares  with  the 
plasma  Ws  transparency,  light  yellowish  colour,  and  chemical  cliaractera 
It«  speciHct  gravity  must,  however,  be  somewhat  lower,  and  may  bo 
BtJiited  at  bctweeu  1  026  and  1  '029,     It  not  unfrequently  happens  that  a 


O 


128 


HJINÜAL  OF  HISTOLOGY. 


certain,  number  of  tlia  red   corpuscles   escape  being  entangled  in  this 
coagulum^  appearing  a^  a  kind  qF  reddish  seditnent  in  tlie  lower  sferala 

of  the  serum. 

When  a  quantity  of  bliKxl  ia  bealen  and  whipped  up,  the  fibrin 
deposits  around  the  instrument  used,  and  the  former  remainis  fiuid.  In 
such  defibrinated  blood  the  sinking  of  the  red  corpuscles  mentioned  in  f  TS| 
may  be  best  observed* 

§80, 

The  process  of  coagulation  of  blood,  moreover,  displays  much  variety. 
The  consideration  of  «ach  several  point  connected  with  it  in  detaü,  how* 
ever^  would  lead  us  too  far  here  ;  we  will  only,  theretore,  touch  on  some 
of  the  most  important  matters  of  interest. 

Ae  regards  the  rate  at  which  the  changes  take  place,  we  Hnd  that  thf^y 
may  be  hastened  or  retarded.  Retardation  is  easiest  prcdueed^  m  a  rul«>. 
The  coagulation  of  blood  is  accelerated  by  setting  the  Üuid  in  rapid  motion^ 
as^  for  instance,  by  means  of  whipjjing  or  beating.  The  blood  of  men  is 
said  to  coagulate  in  general  moro  slowly  than  that  uf  women.  Further, 
arterial  blood  solidifies  more  rapjiliy  than  venous,  whos«  greater  amount 
of  carbonic  ncid  exercises  a  retarding  inliuenc«  on  the  process. 

Again»  atmospheric  ait  accelerates  the  clotting  of  blond,  which  eit plains 
the  fact  that,  the  finer  the  stream  of  blood  flowing  from  the  orifice  of  a 
vessel,  or  the  flatter  the  dish  in  which  it  is  caught,  the  more  rapidly  does 
it  become  solid.  Ilewmn^^  experiences,  also,  are  in  harmony  with  this* 
who  found  that  air  injected  into  the  vessek  of  a  living  animal  frequently 
furthen^d  coagulation.  However,  we  may  prevent  the  access  of  air  to  the 
blood  of  a  dead  animal  with  all  caution,  without  being  able  to  preserve  it 
in  a  fluid  static.  Thus  we  see  that  it  may  coagulate  without  the  infliienco 
of  the  oxygen  of  the  air,  as  It  does  alio  in  an  atmosphere  of  carbonic 
acid,  liydrogen,  or  nitrogen  gase& 

As  ti>  tlie  iufl^uence  of  temperature,  we  find  that  warmth  ^voum  the 
process  in  general«  while  cold  retards  it  Coagulation  may  take  place  al 
any  point  above  freezing,  and  if  we  subject  fluid  blood  to  Uie  action  of 
gr^t  cold  it  may  be  frozen  before  coagulation  sets  iu^  subsequently  under- 
going this  change  on  being  cautiously  thawed. 

How  far  chall^ea  in  the  composition  of  the  blood  may  infliiietice  the 
rate  of  coagulation  baa  not  yet  been  sufliciently  accumlely  ascertained. 
One  important  item  in  the  process  appears  to  be  the  nature  of  the  fibrin 
itself.  Thus  the  blood  of  certain  animals,  as,  for  iiistance,  of  the  horse, 
solidifies  slowly,  whilst  that  of  the  sheep  does  so  moi^  rapidly«  Thts 
annals  of  medicine  also  record  e.x.traordinary  cases  of  extremely  latu  coagti- 
lation,  -which  are  probably  only  to  be  explained  likewise  by  some  modifioa* 
tion  in  the  constitution  of  the  fibrin. 

The  character,  abo,  of  the  CTOtsamentum  is  liable  to  vary  greatly;  some- 
times it  \A  uncommonly  small  and  hard,  sometimes  largs,  soft,  and  fmgile. 
Poorness  in  corpuscles  may  cause  the  first  of  these  etotaa,  an  increase  in 
the  latter  the  second,  in  that  a  superabundance  of  cells — other  thinf^i 
being  equal — must  be  looked  on  as  a  hindrance  to  the  contraction  of  tlid 
fibrin,  whilst  in  an  opposite  state  but  slight  resistance  to  it  is  oflered, 
A  larger  proportion  than  usual  of  water  in  the  blood  gives  ri»e  also  to 
a  sot  tor  coa^ulunL 

Beside  all  this,  there  occur  also  very  incomplete  caaes  of  coagulation 
where  the  process  remains  stationary  in  one  of  it«  earlier  stages;  indeed. 
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we  sec  that  very  soft  fragile  do  la  »mj  aubset[ut*üfcly  become  tigain  ÜnUh 
Fin&ny,  in  sgrne  portions  of  the  eystein  the  bjoiwl  does  not  utid**rgo  tins 
cbaDge  at  all,  as,  for  instance,  in  tb©  bepatie  vetn^  and  also  possibly  th« 
mcofitnial  blood  of  ibe  fi-'niale  (p.  121).  Tbti  blood  of  persLiJia  Btruck  bjr 
UghtnLng,  and  of  tbopt;  dead  ui'  li^ipbyJciLi*  baa  been  found  tluid  in  iotiK 

If  in  the  moment  of  cuagrulation  the  coloui-ed  celU  bave  already  disap- 
peared from  the  uppermoHt  layers  of  tbe  fluid ^  tbe  coagulum  does  not 
present  tbe  uaual  red  colour^  but  is  yellowish  white  in  ita  superior  por- 
tion, then  known  els  the  eru^ta  phifiijisfiea  ^,.  iuflammaiitria.  Micro- 
seoptc  exanunatlon  of  tbe  latter  shows  the  absent 'e  of  red  eorpuscles  in  the 
co.inuIatiHl  fibrin^  and,  on  tbe  other  Jiaiid,  tbe  lympb -corpuscles  which  are 
#|>eciIiL  Lilly  lighter  bn bedded  in  the  lower  part  of  tliia   Jigbt  coloured 

fttuuL  And  in  that  a  quantity  of  cells  usually  binders  the  contraction 
'  the  fibrinj  tbe  latter  shrinks  with  much  more  energy  in  this  uppermost 
biyer,  which  is  poor  in  tbe  former,  than  in  tlie  parts  of  tbe  cake  which 
are  of  a  deeper  red.  This  explains  the  fact,  tbiit  tbe  cruatü  phlofjinHca 
genenilly  fomis  a  concave  disk  depressed  in  the  centre,  and  amaller  than 
the  red  part  of  the  plaeenta  lying  undemeatb  it 

This  buiTed  portion  then  is  produced,  on  tbe  one  hand,  by  the  inoitj  tbati 
usuaJly  rapid  gravitation  of  tbe  red  cells,  or  on  the  other  by  delay  in  the 
coagidation  of  the  übrin.  Thus  wa  meet  it  as  a  normal  appearance  in  tbe 
blood  of  horses.  It  is  met  witli  fret^uently,  likewise,  in  the  human  being 
B^  a  pathological  phenomenon,  and  especially  during  inflammatory  dis- 
eaaes  of  Ibe  respiratory  appai-atus;  but  also  under  more  normal  conditions, 
mm^  for  ins  lance,  in  the  blood  uf  [>  regnant  women. 

Owing  to  oar  ignorance  in  regai-d  to  the  protein  snbstanees,  this  pheno- 
menon of  coagulation  cannot  be  at  present  explained.  Since  the  earliejt 
days  of  medicine^  however,  there  has  been  naturally  no  lack  of  eiforti  to 
do  00.  The  cooling  of  tbe  mass  of  blood,  its  coming  to  a  state  of  re^, 
or  the  action  of  oxygen  on  it,  have  all  been  looked  upon  i^s  the  cause«  of 
the  process.  Recently  Brücke  has  ent-ered  the  list«  in  defence  of  an  old 
theory  formerly  held  by  A,  Coopei'  and  Thaekrah^  namely,  that  the  blood 
la  retained  in  a  fluid  state  by  contact  with  the  Lntermii  surface  of  the 
living  heart  and  blood-ve^eK  ^4.  Schnndt  also  ascribes  to  these  surfaces 
the  property  of  retarding  coagulation. 

This  is  the  present  (but  let  ns  hope  temporary)  atate  of  our  knowledge 
on  ibis  point. 

$81. 

If  we  now  ask,  at  tbe  conclusion  of  this  long  inquiry  into  tbe  nature  of 
the  hlofxl,  How  mucli  is  known  at  the  present  day  of  the  conditions 
during  libs  of  its  two  species  of  ccU^I  we  must  allow  that  the  results  of 
41  reeeajich  so  für  are  but  very  unsalitjfactory. 

The  led  cells  are  the  vehieti!s  for  tlie  o?cygen  of  respiration,  and  appear 

to  generate  baimoglobin  within  them,  and  to  contain  iibnuoplastie  matten 

The  physiological  destraction  of  these  cells  takes  place,  tiratly,  in  the 

■  blood  pa:4sing  through  the  vessels  of  tlie  liver,  taking  a  part  there  in 

"b©  proiluctiou  of  tbe  bile,  as  is  iudicatcd  by  the  solvent  power  of  the 

Ikaline  salt^  of  tbe  biliary  acids  (p,  108),  as  also  the  near  relationfibip 

eiween  ha3miitoidm  (|  35)  ami  bilirubine  (|  37). 

Again*  we  meet  with  another  species  of  decay  of  tbe  blood-cells  in  the 

moT«  quiescent  Idood  of  tbe  spitzen,  where  they  forjn  small  aggregationst 

whiüh  are  transformed  gnvdually  into  dark  pigmentaiy  masses.      Forced 
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Into  tlie  amcEboid  lymph-cells  of  the  splenic  tisaue,  the  corpuscles  and 
their  fragments  may  give  rise  to  the  formation  of  those  ceDs  contamiisg 
blood-corpuscles  obierved  in  th©  apleen.  The  same  may  also  taka  place 
posBiblj  in  the  medulla  of  hones. 

We  may  mention  hem  another  circumstance  for  the  discovery  of  which 
we  arc  indebted  to  SlricJ^er^  namely,  that  by  impeded  circulation  tind 
increased  pressure  the  red  cells  of  the  hloud  are  forced  through  the  unin- 
jured walls  of  small  vessels  {capillaries  and  vuiivs),  Thus  partly  unin- 
jured, partly  divided  into  email  beads,  in  consequence  of  being  ohligt'd 
to  squeeze  through,  they  reach  the  exterior,  and  are  found  in  the  neigli- 
iMJuring  tissues  and  adjacent  lymphatic  passages  according  to  Hmng. 
In  the  tirst  position  they  probably  decay  very  rapidly,  while  their  oocur- 
rence  in  the  hitter  explains,  at  least  partially,  the  presence  of  red  hlo#d- 
corpuscles  in  the  lympl^  already  long  know^n. 

It  is  only  seldom  that  under  uormal  conditioniä  blood  escapes  into  the 
tissue  of  any  living  organ  from  laeerated  vessels;  but  we  have  one  case, 
timt  of  the  ruptured  Graaßfin  vesicle.  Such  extravasations,  however,  are 
Bot  of  nnfrequtmt  occurrence  patliologically.     Tn  both  these  cases  we  meet 
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■Miiigi'aUcin  nf  lyrrptmlil  cells-    A,  H  lAfgv  CA^iltttry,  ihfiwi  al  it^  tjie  tnncltf  tif  4,'!|»c»Ik<  t*t  rrlla,  mt  i 
ulruAily  «.-»CiifiiKl«    Ü,  1  voJit  x  a^  tlie  EyiupliM^d  c^L'-lhrliQii-ly  applied  tQ  tbc  wjUIil,  auit  mnJkliiK  their  i 
IliroiiKL^  f>,  ExternnL  tu  f|iu  ifiiiAtrl;  c,  culuured  lilou4-üort>iLidei, 

with  destruction  of  the  coloured  elements  after  coagulation,  and  production 
from  them  of  Ixa^niatoiiiin  crystals.  In  such  effosions  of  bloody  also,  we 
may  again  meat  with  those  cells  already  mentioned  containing  blood* 
corpuscles. 

The  colourli?ss  eclla  derive«!  from  the  medulla  of  bones,  the  spleen,  and 
lymphatic  glands,  are  now  looked  upon,  and  indeed  rightly,  as  serving 
to  replace  the  loss  of  the  red  corpuscles  (j  71). 

But  in  wliat  proportion  these  undergo  transformation  into  the  latter  is 
not  yet  oscertainetJ^  and  is  dependent  upon  the  length  of  existence  of  the 
red  cells,  still  completely  unknown.  However^  we  cannot  doubt  that  such 
a  metamorphosis  of  white  corpuscles  itito  red  does  take  place  very  e:xtGn- 
Bively  after  severe  losses  of  hJooi,  where  a  rapid  reparation  occurs. 

But  these  lymph-corpuscles  have  yet  another  destiny.  * 
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like  Um  red  cella,  thoj  alao  (l^ut  by  viiiue  of  their  vilül  eontractiJitj) 
jmaa  thro  ugh  the  uninjured  walls  of  the  vessels  {%.  124)  in  the  Irndthy 
as  weil  RA  the  disDasud  body;  m  aoiue  ca^os  reMJUtermK  Uie  lymphatic  cir* 
culation^  in  others  penetrating  into  various  tisem^^  (J  49).  Now  it  i» 
prfibnblu  thut  partly,  ml  leaät,  froui  this  sourcu  tbü  wandüring  lymphoid 
coJls  of  oomiective  tissue  have  their  origfn.  These  we  wdl  make  the  suh- 
ject  uf  later  cuusidtsmtio».  Under  conditions  of  uiflammatory  irritation 
mch  an  exit  from  the  hlood-vesaels  in  the  yicinity  of  the  alTecteil  part 
take«  place  on  a  large  scale  {A.  WaUer^  Cohnfieim)^  and  the  pus- corpus- 
cles appearing  at  thi^  spot  are,  in  part,  nothing  but  the  lymphoid  celU  of 
the  blood  which  have  emigrated. 

Finally,  touching  the  origin  of  the  blood  in  the  embryo,  we  may  pre^ 
miae  by  «tating  that  we  are  but  partially  acquainted  with  this  chapter  of 
histog^-meaia 

But  in  order  properly  to  comprehend  the  process^  we  must  firat  render 
oumelve^i  familiar  with    the   broader  and    more   Jmportaut   outlines  of 
^bryologj'  generally. 

^By  the  prt^ceaseB  of  segmentation  in  the  impregnated  oTum  a  cellular 
material  b  formed  which  represents  the  germ,  ue.,  that  spot  al  which  tlie 
body  of  the  coming  being  is  to  be  built  up.  It  is  firat  disposed  in  The 
form  of  a  uuiinbrane  whith,  ae coaling  to  Jlf*7tiak*H  admirable  investigations 
(recentiy  questioned,  how(?ver),  may  be  distinguished  as  made  up  of  thrco 
Inyt^rs  of  cells  arranged  one  over  the  other,  from  each  of  which  certain 
distinct  tissues  and  organs  have  their  origin.  Thus  w©  have  a  key  to  a 
•üientitic  classification  of  the  tissues  of  the  body. 
^  Por  the  present  it  need  only  be  home  in  tnind  that  the  upper  stratum 
;  the  name  of  the  '^  earnaouifj*  the  lowermost  that  of  the  **  intestinal 
%nd**  layer  (Darmdrüsenblatt)*  The  derivatives  of  each  of  these  will  be 
met  with  presently.  From  llje  intermediate  leaf  known  as  the  *'  midtür  ffrr- 
nnmiV  layer  very  many  structures  take  their  origin;  thus,  the  wljole  of  the 
large  connective-substance  grtmi),  the  vohintary  and  iinitriped  musdeü^ 
the  vascular  and  lymphatic  systems  with  their  accessory  organs  and  oun- 
ienta,  including  the  tissue  under  present  consideration,  the  *^  blood.'* 

The  tirnt  fürnmlion  uf  bloud  then  takes  place  at  a  very  early  period 
io_iwtal  life.     But  the  primary  blood-cells  are  not  related  in  any  way  to 
ctei'istic  corpuscles  of  later  times,  they  are  nothing  bot  wliut 
Bown  as  the  ordinary /Wwa/*Vi?  or  embrj/onic  cells  of  which  originally 
the  most  widely  difTurent  structures  of  the  body  may  consist. 

The  tii^t  appearance  of  the  primary  blood^cells  corresponds  with  that 
of  the  heart  and  larger  vo^ssclä  immeiliately  adjoining  it.  Both  of  the 
laiter  arc  said  not  to  be  originally  hollow,  but  solid  aggregations  of  cylin- 
drical form,  consisting  of  ccHs.  Now  tiie  destiny  of  these  cells  entering 
into  the  formation  of  the  cylindera^is  various  ;  the  peripheral  become  ad- 
heffent  to  one  another,  or  unite  more  closely  still  to  represent  the  primitive 
wnHg  of  the  heart  and  ve^^els,  while  l>etween  the  most  internal,  hf»rilenng 
on  the  axis,  ßuid  gradually  accumulates  iti  such  qnsnitity  as  eventually  to 
immersi^  the  cells  completely. 

Fr*uu  this  moment  on  "^e  may  with  propriety  Bpcak  of  blood  in  the 
embryo,  in  that  the  fluid  in  the  rudimentary  heart  and  vessels  represents  a 
iicanty  plasma,  and  the  cells  suspend eil  in  it  the  primitive  hlood-eorpuscles. 
At  tir^t  the  latter  appear,  as  has  been  nhendy  mentioned,  in  the  form 
of  phiin  spherical  cells,  with  finely  granular  protoplasm,  vital  coütmctility, 
ana  frctjuently  vesicular  nuclei»  within  wlach  nucleoli  may  ho  seen.    They 
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ir(S  etui  destitute  of  lia^nioglobin,  wliich  gives  them  fheir  characteriatic 
peculiarities  at  &  later  period  of  their  existence,  llieir  size  is  also  very 
various,  exceeding  rrequeiitly  that  of  the  ceUs  of  fully  developed  blooch 
Their  average  diameter  in  the  embryo  of  fowl  ia,  according  to  my  ohmt- 
vatioiis,  aboxit  0-0128  mm. 

Little  by  little  tlie  cell  beeomes  clearer^  and  the  charaetemtie  yellow 
tinging  with  hn'moglobuliii  commences,  this  Bubatance  being  deve- 
loped by  the  body  of  the  former.  Such  coloured  nucleated  cells  range 
m  their  diameter  in  tho  human  being  and  in  mamma] a,  from  0  0056  to 
0^0160  mm.  {Paget,  Kiiniker), 

Whilst  this  trtinsfbrnifttioü  of  embryonic  cells  into  blood-corpuscles  is 
proceeding  with  tho  further  development  of  the  eirciilatory  system,  the 
blood  mmt  of  course  contain,  at  the  same  time,  both  kinds  of  celk, 
the  coloured  as  well  as  the  more  advanced,  besides  immature  colourless 
one^ 

Uuring  the  earlier  periods  of  frctal  life,  however,  rapid  multiplica- 
tion of  the  red  cells  hy  means  of  division  takes  place,  as  was  hrst  observed 
by  Bemak     This  may  easily  be  fullrjwed  in  the  embryonic  chick. 

I'he  process  begins  here  with  divi3i»n  of  the  nucleolus,  then  follows 
that  of  the  nucleus,  which  generally  splits  into  two  portions,  and  Only- 
very  seldom,  according  to  Remok,  into  three  or  four.  Sometimes  such 
a  nucleus  will  divide  anew,  but  it  requires  a  very  close  search  to  discover 
in  the  chick  cells  engaged  in  more  than  the  usual  binary  division.  Finally* 
tlie  contractile  body  of  the  cell  is  seen  to  undergo  constriction  in  the 
middle  until  the  two  portions  p>art  company.  The  extreme  delicacy  of 
these  blood'Cdls  ftequeatly  ii^ives  rise  to  artificial  appearances,  for 
instance,  of  cells  wliich  are  furrowed  in  the  miildle,  and  only  contain  a 
nucleus  in  one-half,  or  others  whose  two  jiortions  contidning  nuclei  are 
held  together  by  a  long,  thin,  connecting  thread.  In  tho  foetal  chick  it 
la  just  in  these  periods  of  f(>rmative  life  in  which  the  liveliest  increase  of 
blood  tiikes  place,  tlmt  this  jiroccss  of  division  (which  may^  as  it  appear», 
pas«  over  very  rafniH))  c^iii  he  best  ohaerved.  Later  on,  iit  a  mor« 
advanced  stage  of  developnicnt,  it  ceases  altogether!  according  to  Eanuk'g 
and  our  own  obscrvationa 

We  awe  much  to  KölHker  for  his  prt^found  in- 
vestigations in  regard  to  the  blood  of  the  mam* 
malia.  Of  the  corretilnesä  of  his  views  I  con- 
vinced myself  yeara  ago  in  embryonic  deer  (fig. 
1 25),  m  well  as  later  on  in  rabbits  and  the  human 
emhryo*  Here  aim  the  same  process  of  division 
may  be  recognised.  According  to  Renmk^  multi- 
nuclear  cells  occur  also  frequently.  To  me  the 
nuclei  always  appear  granular*  Moreover,  the  act 
of  division  ics  liable  to  tempürary  variations,  it  ap- 
pears. Thus  in  rahhit  embryos  of  D  mm.  long  I 
r^)"  have  only  remarked  a  very  small  number  of  cells 

nR.iä5.-Bi.iod*pii.(mni  the  engaged  in  division,  while  the  process  could  be 

pAily  emlnyo  of  ihe  dfer.  Tliö    oft^U  rOCOgUlsed    til    mUcll  laTUCr  OUCS*       Tho  flir- 

.liuUipiic-iriutiofiiiciMiiitfTyui   tner  destiny  of  these  in  general  stdl  larger  cells 
***^'  (though  they  n>ay  vary  considerably  os  t4>  dimen- 

sions), consist-*  ia  this,  that  they  take  on  more  and  more  the  spherical  form, 
'oB©  their  inequality  as  to  size,  and  assume  the  typical  shape ;  the  nucleus 
disappears  at  the  same  time  in   matitmals.     Even  at  a  very  early  periwl 
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isalatcd  cycatnpks  of  such  fully  formed,  yet  extremely  delicate  celk  may 
be  observed  amoiig  the  siiheric4il  and  nucleated  of  a  still  earlier  slaga 
of  development,  thm  the  crabryus  of  the  rabbits  which  1  liave  examined, 
of  about  0  mm.  long,  showed  |th  to  |th  of  the  whole  number  already  with- 
out a  nucleus»  aod  presenting  the  characteristic  form  of  tho  blood'-celL 
Kaiiiker  found  in  sheep  embryos  of  8-6  mm.  long  no  such  mftture  blood- 
corimsclee^  and  Ptt(^tfl  missed  theui  also  completely  in  aLuman  foetus  9  mm. 
in  length.  Aocurding  to  the  first  of  these  investigators,  they  are  etill 
iincommonly  rare  in  fcetal  sheep  of  20  mm.,  while  they  constitute  bjfar 
the  largest  proportion  of  the  celb  in  the  young  of  the  same  animal  measur- 
ing 29  mm.  I  a  human  embryos  of  tlie  third  month  they  only  amount  to 
about  from  Jth  to  ^th  of  the  whole  mass  of  the  blood.  »Sheep  embryos, 
on  Ihü  other  hand,  of  1 1  to  29  mm.  show  a  fall  in  the  number  of  nucleated 
cells  to  a  very  «mall  fraction. 

The  continued  multiplication  of  red  cclb,  wluch  goes  on  naturally  after 
the  proceia  of  division  has  ceased,  appear«  to  be  carric<l  forward  in  the 
*  foetus^  as  in  the  adult,  by  the  lymphatic  glandß,  the  medulla  of  bones,  and 
hy  the  spleen.  Very  early  the  charactetiatjti  lymph -corpuscles^  derived 
torn  the  latter  sources,  may  be  seen  among  the  other  coloured  cell».  That 
Ä#  Hvor  takes  part  in  the  formatioo  of  blood,  as  has  been  supposed, 
appeal^  very  doubtfuL 

UmMAUks.  — Mucli  bus  been  «dtluccd  within  the  lä»t  few  years  la  regard  to  the  exit; 
tlifn^Clgh  the  wdJIs  of  veaielj  of  the  cellular  ei<-.mcnt2 — üti  odcsurreoce  of  tb&  highest 
^fai£ai]ce  ia  pathöbgiiMil  and  physiological  I  tpteflUoni,  tad  e^peckllj  in  inlkmma- 

t 
0.  Lymph  and  Chyle. 

§82. 

Whik  describing  the  foregoing  tissue  we  mentioned  that  certain  of  the 
conatituenls  of  the  blood  are  constantly  passhig  from  the  capillary  vessels 
into  the  surrounding  tissues  in  the  forui  of  watery  solutions. 

This  escape  of  tluid  is  indispens^vble  for  the  nutrition  of  the  variou» 
porta  of  the  body,  the  organs  as  well  as  lis^uf's*  in  that  in  these  solu- 
tions  various  alimentary  mnteriiUs  are  contained,  ^ow  the  latter,  we 
knotr,  are  ditferent  in  the  several  tissue»;  they  are  specially  adapted,  for 
instance«!  to  the  wants  of  hone,  of  the  brain,  of  muscle,  and  so  on.  Then 
the  fluid«  of  the  ti:^sues  br^como  gradually  quite  d liferent  as  to  chemical 
composition  by  the  loss  of  various  materials  of  nutrition  in  particular 
p«rt«  of  the  body. 

But  to  theae  fluids  are  also  added  the  results  of  the  interchange  of 
matter  going  on  in  the  tissues;  the  products  of  their  decomposition;  and 
these  ar^  also,  as  has  already  been  remarked  in  tlie  chapter  on  general 
ehefnifltry,  again  di^erent  in  the  several  organs.  Here,  then,  we  have  a 
new  sooTüe  of  variety  in  constitution  of  tho  ftcveral  tissue-juiees  of  the 
body. 

Kow  for  the  carrying  olf  of  tho  latter,  as  far  as  they  do  not  iu) medi- 
ately return  to  the  stream  of  the  blood  by  processes  of  diffusion;  the  body 
is  supplied  with  a  special  systpm  of  fine  canals  which  communicate  by 
meana  of  their  main  outlets  {already  long  known)  with  the  circulatory 
uppamtus.  Their  mode  of  commencement  is  only  partially  understood  at 
present. 

This  system  of  canals  is  known  rv*  the  hjmphaiic  or  aJm^rljeut  system. 
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and  the  goIoutI&ss  fluid  found  in  its  yessols  which  hm  bean  altalned 
off  fro  ai  the  blood  ca  pi]  larieSj  as  ^^  lymph" 

Now  tlie  latter,  although  it  may  appear  pretty  mueh  the  same  lo  th« 
observer's  eye  iu  the  varioua  regions  of  the  body,  cannot  possibly  liave 
identically  the  same  oorapoeition  everywhere  from  what  we  have  just  seeu 
above.  On  the  contrary,  it  will  always  be  found  to  differ  according  ti> 
the  nature  of  the  tissue  or  organ  fmm  which  it  flows,  and  to  be,  tbei^ 
fore,  a  fluid  of  more  variable  ootiititution  than  the  streams  of  blcM^ 
belonging  to  the  several  regions  of  the  circulatory  system. 

There  is,  however,  iii  our  body  one  portion  of  the  lymphatic  system  which 
serves  other  purpoaesj^  at  leiiat,  at  certain  timea.  The  lymphatic  canal:* 
namely,  of  the  intestiual  mucous  membrane  co utain  in  the  fasting  state  a 
titiid  possessing  all  the  usual  charade ristica  of  lymphs  During  üigostion, 
however,  there  enters  by  the  radicals  of  this  system  of  canals  a  mixture  of 
albuminous  suhstatices  and  fats  taken  up  from  the  alimentary  matters.  We 
now  hnd  the  passages  charged  with  a  whitish,  opaque,  and  frequently  mOky 
fluid,  to  which,  owing  to  its  apijearanco,  the  name  **miIk-jukG**  or  *^ chyle" 
bos  been  given.     These  particular  vessels  are  then  spoken  of  as  ladeais. 

5  83. 
Both  these  juices  contain,  suspended  in  a  plasma  oi  fluid  Intcrmlltd^r 
mbstance^  a  considerable  number  of  c^liif  all  possessing  the  samo  nature 
(lymphoid  cells),  these  are  known,  from  the  pioflo  of  their  occurrence,  a^ 
i^mpk  and  chyk  corpusdm.  They  were  first  discovered  by  Lemwenhtxk 
and  MascaguL 

III  all  essential  particulars  they  correspond  with  the  colourless  cells  of 
the  blood,  already  discussed  at  {§  69);  nay  more,  they  are  identical  with 
them.  The  cells  of  the  lymph  and  chyle,  namely^  pass  into  the  bltxid, 
and  circulate  there  as  white  corpua<jles,  Beaitles  tbese^  there  are  other 
immeasurably  small  molecules  to  be  seen,  especially  iu  the  chyle»  as  also 
lai^er  elementary  granules,  while  in  some  particular  regions,  a^pecially  of 
the  lymjphatic  system,  isolated  red  blood  cells  may  be  observed. 

The  cells  in  l>oth  Auids  display  much  variety  as  to  size  and  other 
relations,  ami  no  regular  law  seems  to  govern  their  iliütributioii^  although 
one  or  othi^r  lortu  of  cell  may  at  timt^s  gmn  the  ascendancy  in  this  or 

that  region.     It  is  a  fact  of  great  interEv>U 

^^         '      *     ^^       farther,  ami   one  which  may  be  cs|K?cially 

clearly  recognised  in  the  chyle  alisorhents, 

that  either  none  at  all^  or  very  few  of  thf^aw 

orpuseies   are    to    be   seen   in    the   tine^t 

®V_-/  ^ITg  _^  ^"^-^  radicals*  when  on  the  point  of  leaving  the 
fm\  {^  0^  wall  of  the  intestine;  but  that  they  ha- 
**  V  y  \ß*J  {  I  come  all  at  once  very  numerous  in  the 
fluid  after  the  passage  of  the  latter  through 
the  mcsentfcric  glands»  The  some  nmy  be 
observed  in  other  [»arts  of  the  lymphatic 
system. 

Kow  as  to  the  colls  themselves,  more 
particularly,  tboy  may  be  said  to  have  been 
already  considered  when  8j»oaking  of  the  blood.  They  are  the  saaie  for- 
mations, namely,  with  like  diversity  as  to  size,  as  to  the  body  of  the  cell 
and  iU  contents,  with  the  same  kind  of  nuclei  and  endowed  with  tho 
like  vital  contractility  as  the  colourleas  corpuscles  of  that  fluid* 


0   •  'S 

ftif.  ]»,— CeHi  fnm  lyrnph.  From  1  to 
4  iii»etiiuig«d$  It  &  111*'  ducJdn«  vad 
enri;li»|>ä  appCAr,  alio  mt  fl,  7«  S|  lit 
9  thi"  miijelrii*  coiniTtChi^i'i  t^  dlrldfi, 
tti  also  Ht  10  and  1 1 ;  Ai  t'i  kt  bfti  Mp«^ 
mted  üito  »in  pit'cc-i;  at  1^  w»  baw 
llbimtnd  buclcl. 


TISSUES  OF  THE  BODY. 


135 


But  while  the  cell«  of  Ijinph  and  chyle  are  everywbure  dike,  the  coo- 
liary  is  the  case  with  the  remaining  elementary  particlös  oi*  these  Ihnds. 

On  microstjopical  e,\anunation  the  chyle  of  mammiferouB  animala  dis- 
play a  a  certain  amoimt  of  tarbidity — the  cause  of  its  white  colour  to  the 
eye — ^produced  by  iuninnerable  minute  dust-liki^  particle*  «uspended  in  it^ 
and  not  by  smaU  globule»  of  fat  with  which  this  fluid  wua  formerly  sup* 
poatd  to  be  so  richly  tilled.  These  particles  (as  ia  usually  the  case  with 
mjbatanc^a  in  a  minote  state  of  divisiun  suspended  in  fluid),  are  enj^aged 
ia  a  peculiar  tremulous  or  restless  movement,  termed  the  molecular  muHon 
of  BroiüTL  The  more  opaque  and  milky  the  chyle  appears»  the  more  nume- 
rous arr  these  molecules  found  to  be.  They  decrease  in  number  again 
in  the  lar^^er  passages  of  the  lymphatic  system,  and  are  completely  absent 
in  the  cU-ar  lymph  of  fasting  animals.  Eventually  these  particles  flow 
ifom  the  absorbents  into  the  blood  through  tho  dtteiu»  thoracicm^  and 
may  form  in  it  transient  constittients  of  the  plaama.  As  to  ascertaining 
their  magnitude^  with  any  approach  tp  accuracy,  we  must  confess  our 
utter  inability  to  do  so,  owing  to  their  extreme  miJiutenesa. 

These  dust-like  molecules  consist,  we  are  tohl  by  H*  MuUt^r,  of  neutral 
fats  enclosod  in  a  wondrously  delicate  layer  of  a  coagulated  protein 
iub«tanca  (albumen).  Owing  to  this  they  do  not  coalesce,  as  free  fat 
^obutes  would  do»  nor  do  they  on  the  atidition  of  water.  But  if  chyle 
be  ©vaporat€4  to  drynesSj  the  particles  do  unite  on  the  subserjuent  addi- 
tion  of  water,  a  a  also  when  acetic  acid  is  mixed  with  the  fluid*  They  are 
dissolved  by  ether^  to  the  action  of  which  the  albuminous  envelojie  eeenjfr 
to  present  no  ohatacle.  Wo  will  see  further  on  that  these  fatty  particles 
reprt'scmt  the  fats  of  the  food  absorbod  from  the  intestinal  tract« 

Bt'sidea  theee,  larger  and  less  clearly  defined  elementary  granules  of 
00002  -  0*0011  mm.  In  size  are  to  be  found  in  the  chyle,  partly  scattered 
and  partly  in  grouj>Ä.  They  appear  to  ha  the  wreck  of  lymph  corpuscles, 
and  probably  occur  in  the  blood  also  (§  64)  {Hempen,  H.  Muilc^% 

Finally,  we  have  blood  corpuscle«  again  brought  before  us  in  both 
lymph  and  chyle*  Some  of  these,  doubtless,  gain  access  to  our  preparir 
tiona  from  wounded  blood-vessels,  and  the  admixture  may  be  completely 
avoided  by  careful  dissection.  On  the  other  hand,  such  red  cells  may  ha 
found  almof^t  always  in  the  dueins  ihurtMcicua  of  many  animals,  as,  for 
Uistancc,  in  that  of  the  dog.  The  lymph  of  the  spleen  further  apj^ears  to 
be  very  rich  in  red  cells  {Thotnsa)^  as  also  that  of  the  liver  {Hering), 
From  this  there  would  appear  to  be  but  little  doubt  tliat  in  issolaled  cas«s 
lymph-corpuscles  may  undergo  transformation  into  red  cells  before  enter- 
ing the  circulation.  For  my  own  part,  1  believe,  I  have  observed  int^r- 
jne<iittte  forms  in  the  thoracic  duct  of  the  rabbit,  between  the  two  species 
of  cells;  they  are  also  to  be  seen  in  the  blood  of  the  splenic  vein  (§  76), 
and  in  the  medulla  of  bones.  On  the  other  hand,  the  po^lbility  of  a 
migration  of  red  cells  from  the  blood-vessels  into  the  lymphatics  through 
the  walk  of  tho  former  (f  81),  Hmnfj^  must  be  allowed. 

f  84. 

Kow,  the  question  as  to  the  murce  of  these  lymph  and  chyle  cells,  is 
one  of  the  utmost  importance  for  the  histology  of  the  present  day. 

And  since  their  spontaneous  generation  in  both  fluids  could  not  any 

longer  be  allowed,  and  that  they  were  found  to  be  either  entirely  ah^^ent,  or 

only  to  occur  with  extreme  rarity  in  the  commencement  of  the  aljsorhenta, 

while  immediately  after  the  passage  of  the  fiuid  through  the  lymphatic 

10 
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glands  they  were  met  witlij  the  possibility  of  their  origin  in  tbese  so- 
called  glands  was  recognised  even  years  ago.  Thin  view  received  sup* 
port,  also,  from  the  discovery  that  the  contents  of  the  latter  is  the  sfline 
aa  that  of  the  lymphatic  vessels.  In  the  mucous  membrane  of  thy 
digettive  tract  there  occur  aleo  small  lymphatic  glands,  known  as  **Pef/ßr'^ 
patches/'  and  hence  the  origin  of  the  few  isolated  lymph-corpuscles  found 
in  the  smaller  branches  of  the  chyle  vessels,  leaving  the  intestinal 
tube. 

Ahd,  in  fact,  the  cells  of  lymph  and  chyle  are  the  corpusclea  of  these 
organs  which  have  pene'trated  into  tlie  hollow  interstices  of  the  lymph- 
nodes,  and  have  been  carried  off  by  the  stream  of  fluids.  These  points  if 
borne  in  mind  will  render  the  description  of  the  lymphatic  glands  more 
easy  of  comprehension,  in  discussing  wbich  we  shall  have  to  consider  the 
origin  of  the  celb  in  question  in  the  latter  organs. 

How  far  these  cells  are  capable  of  nndergoing  multiplication  in  the 
lymph  and  chyle  streams,  is  also  a  matter  worthy  of  onr  con sid oration. 
At  present  we  are  in  pofisesaion  of  no  reliable  facts  bearing  npon  this 
point. 

§  85. 

However  important  it  might  ho  to  determine  the  amount  of  these  fluids 
in  the  body,  even  approximately,  science  possesses  at  present  no  certain 
data  to  go  upon  in  regard  to  their  quantitative  analysis.  We  can  only, 
ao  far,  conjecture  that  the  amount  of  both  must  be  very  considerable,  and 
that,  as  through  the  lacteal  system,  so  also  tlirough  that  of  the  lymphatics^ 
an  extensive  intermediate  circulation  exists. 

If  we  now  turn  to  the  ehevucal  coTufttttttiou  of  these  two  fluids,  wt* 
have  at  present  hut  very  insufficient  analyses  to  go  npon.  Hitherto  it 
has  not  been  possible  to  investigate  chyle  and  lymph  in  a  manner 
adequate  to  the  retiutreraents  of  hifttologj%  We  cannot  yet  even  accunitt'ly 
determine  the  composition  of  the  moist  lymph  cell.  All  the  rough  andyses, 
too,  whicli  have  hitherto  been  made,  display  enormous  differences,  owing 
to  the  difficulty  of  obtaining  large  quantities  of  lympli  and  chyle  in  it 
pure  stale,  and  to  the  changeable  nature  of  both  liquids. 

As  to  the  cells,  they  consist  of  various  modiiicationB  of  albumtnoua 
compounds,  the  enveloping  layer  showing  dilierent  reacttona  to  those  of 
the  nucleus  and  protoplasm  of  the  boily  of  the  cell,  which  enclose« 
molecules  of  a  coagulated  albumin oid*  and  of  iats  :  it  ia  soluble,  namely, 
in  ddute  acids,  while  the  nucleus  is  not. 

Lymph  ia  a  more  or  less  clear,  alkaEno,  watery  liquid,  whose  specific 
gravity  is  not  yet  known.  In  it  may  be  found,  again,  those  prtfteia  sub- 
stances which  are  likewise  present  in  the  plasma  of  the  blood  namely, 
the  two  const ituenta  of  fibrin,  with  albumen  and  its  mod ifical ions.  The 
former  give  rise  here,  also,  to  the  coagulation  of  the  fluid  when  colleetetl 
in  a  vessel  And  yet  a  difference  exists  between  the  fibrin  of  lymph 
and  that  of  blood  in  the  manner  in  which  it  sol  id  i  lies.  Lymph,  namely, 
does  not  usually  coagulate  in  the  corpse,  but  subsequently  on  being 
drawn  off,  and  only  after  frequenily  very  long  continued  exposure  to  the 
oxygen  of  the  atmosphere.  As  far  aa  is  known  at  present,  from  ten  to 
twenty  minutes  appear  necessary ;  but  even  an  hour  may  pass  ovyr  before 
it  takes  place  (Nasse),  The  lyrnph-clot  retains  also,  m  was  the  caise  with 
that  of  the  blood,  the  form  of  the  vessel  in  wbich  it  solidifies,  hut  is 
natujally  much  smaller  on  account  of  the  mucli  smaller  number  of  cells 
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which  it  contains.  Another  peculiarity  frequently  observed,  and  which 
I  myself  am  in  a  position  to  verify,  is  also  very  striking;  the  coagulum, 
namely,  may  become  red  on  exposure  to  the  air,  a  change  of  colour 
probably  depending  upon  the  generation  of  the  pigmentary  principles  of 
the  blood  tlurough  the  action  of  the  atmospheric  oxygen. 

The  amount  of  fibrin  seems,  moreover,  to  be  liable  to  considerable 
variation. 

The  albumen  of  lymph  exists,  like  that  of  the  plasma  of  the  blood,  in 
combination  with  soda  as  albuminate  of  sodium.  Casein  is  missed,  as  in 
the  blood  also. 

The  fatty  matters,  individually  but  slightly  known,  appear  partly  as 
neutral  fats  and  partly  saponified  with  soda.  Their  amount,  like  that  of 
albumen,  seems  to  vary  considerably.  Besides  these,  lymph  contains 
also  grape  sugar  and  urea.  As  to  the  extractives  which  are  here  met 
with  in  lio  small  amount,  their  nature  has  not  been  investigated. 

Chloride  of  sodium  is  very  strongly  represented  among  its  mineral 
constituents,  as  well  as  the  carbonates  of  the  alkalies;  besides  which,  the 
usual  combinations  of  phosphorus  and  sulphuric  acid  of  the  system  all 
occur  in  lymph.     Finally,  iron  also  makes  its  appearance  here. 

Although  the  proportion  of  water  in  this  fluid  always  remains  larger  than 
that  in  the  liquor  sanguinis,  it  is  still  subject  to  very  considerable  variation. 

Lymph  contains  no  oxygen,  or  only  traces  of  it;  it  does,  however, 
possess  nitrogen  in  small  amount,  and  carbonic  acid  seems  to  be  present 
in  great  abundance.  A  portion  of  the  latter  is  held  in  loose  combination, 
another  portion  can  only  be  displaced  by  acids. 

On  the  whole,  it  would  seem  that  lymph  possesses  a  composition 
allied -to  that  of  the  plasma  of  the  bloo<l,  both  of  them  apparently  con- 
taining exactly  the  same  proportion  of  salts  (Nasse),  But  in  general 
it  may  be  stated  to  be  richer  in  water  and  extractives,  but  poorer  in 
albumen,  fats,  and  salts  than  the  liquor  sanguinis. 

Not  long  since  analyses  were  undertaken  by  (7.  Schmidt ^  in  which,  for 
the  first  time,  the  coagulum  and  serum  of  lymph  were  separately  treated. 

The  lymph  to  be  analysed  was  obtained  from  the  neck  of  a  foal,  which 
had  been  previously  well  fed  with  hay :  it  showed  the  following  com- 
jiosition : — 

1000  parts  of  lymph  contain 

Serum, 955-2 

Coagulum,  .         .         .         .44*8 

1000  parts  of  coagulum  contain: —      1000  parts  of  Serum  contain  : — 
Water,         .         .         .    9073 
Fibrin,         .         .         .      487 
Albumen,    .         .  | 

Fats  and  fatty  acids,  >- 
Other  organic  matters,  ) 
Salts,  .         .         .9-7 

In  regard  to  the  mineral  constituents,  Schmidt  observed  a  similar, 
though  less  marked,  contrast  between  cells  and  plasma,  as  in  the  blood 
(comp.  §  75). 

Now,  as  to  the  chemical  constitution  of  the  chyle,  we  find  it  slightly 
alkaline.  Owing  to  its  greater  richness  in  fatty  matters  also  it  is  more  cloudy 
or  milky  than  the  fluid  last  mentioned,  and  in  general  richer  in  solid 
constituents,  so  that  its  specific  gravity  lies  between  1*012  and  1022. 


34-3 


Water,  . 

957-6 

x\lbumen, 

320 

Fats  and  fatty  acids. 

.    1-2 

Other  organic  matters, 

1-8 

Salts,      . 

.    7-4 
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It  partakes  of  the  same  peculiarity  as  lympliT  in  coagulating  some  con- 
ftiderable  time  after  it  has  been  coHecteil  from  the  body ;  it  does  &o,  how- 
ever, with  much  greatet  rapidity  on  the  addition  of  a  certain  amount  d 
biood  (A.  Schmidt).  We  have  already  mentioned  (§11)  that  the  tihrso*»- 
gen  of  the  latter  fluid  has  its  origin  in  the  red  bloodH:orpuscles.  Th© 
ooagulom  of  chyle  may  also  subsequently  become  red  on  expoaare  to  the 
air«  Its  fibri»  generally  contracts  much  less,  and  remains  more  gelatinoiis, 
at  the  same  time  that  it  possesses  greater  solubility. 

Albumen,  an  important  constituentj  as  we  would  be  led  to  expect  from 
the  nature  of  chyle,  appears  in  considerable,  hut,  according  to  the  kind  of 
food^  variable  quautity*  We  have  already  mentioned  its  portly  forming 
the  enTelopes  on  the  minute  molecules  of  this  fluid;  hut  »oiotber  portion 
of  it  is  present  in  the  fonn  of  solution  in  water. 

The  amount  of  fata^  also,  in  chyle,  though  necessarily  subject  to  great 
rise  and  fall,  is  far  larger  than  in  lymph.  Primarily,  wliilst  in  the  flni»i 
vessels  all  of  them  are  found  as  neutral  compounds  suspended  in  a  state 
of  the  most  miuute  division,  later  on  saponifled  fats  make  their  appear- 
ance, as  observation  with  the  microscope  teaches  us,  by  means  of  which 
we  see  the  formation  of  fat-globules  in  a  clear  fluid  on  the  additiou  of 
an  acid  {H.  Äfuller), 

Again,  we  And  that  grape  sugar  and  urea  are  contained  in  this  fluid. 
It  may  also  have  lactic  acids  in  its  composition,  according  to  Lehmann, 

Uhyle  contains,  also,  a  by  no  means  inconsiderable  proportion  of  ex- 
tractive matteis  and  the  ordinary  mineral  compounds,  such  as  the  alkaline 
saltSy  with  chloride  of  sodium  in  large  quantity«  Further,  minute 
quantities  of  the  earthy  salts  and  iron  have  been  found  in  it 

A  rather  old  analysis  of  Mees  (1)  m^y  serve  as  a  clue  to  the  oom- 
position  of  the  chyle,  beside  which  we  give  one  of  l}Tuph  by  the  wme 
author. 


Ctiylfi  frIivtiUiied  from  tlifr  dmttm  tRornKicut  of  a  jonnjr  donli«^ 
•even  hmm  nfter  hATtng  bL-i^n  feit  on  pcu  ui4  \^mn*  {ntitr 


Water, 

Fibrin, 
Albumen,  , 
Watery  extract, 
Alcohoiie   do.,    , 
Fats, . 
Sdts^ 


Ö0237 
3-70 

35'16 

12  33 

332 

3G-01 
Ml 


From  the  eitremitifi»  ©f 

dG5  36 

vm 

12  00 

13  19 
240 

Trac^ 
Ö85 


Strangely  enough,  the  most  recent  experimenter  on  cliyle,  (Z  Schmi^ 
arrived  at  completely  diflerent  results  in  his  analysis  of  tliat  from  ih« 
thoracic  duct  of  the  foaL  Acconling  to  this  observer,  the  composition 
of  both  flaiils,  of  lymph  and  chyle  is  exceedingly  similar,  except  that 
the  latter  showed  a  somewhat  larger  proportion  of  iron,  whilst  th« 
amount  of  fat  found  in  it  was  extremely  smulL 

The  following  is  the  composition  of  the  chyle  obtained  from  the 
thoracic  duct  of  a  healthy  foal,  which  had  been  fed  three  hours  befon 
with  meal-pap  and  hay  :— 


1000  parts  contained 


Serum, 
Coagulum 


967-4 
32  0 


TISSUES  OF  THE  BODY. 


1S9 


In  1000  of  coagulum  of  the  chyle  :- 
Water,        .        .        .     887  6 
Fibrin, 
Free  fat,     . 

Fattj  acids  of  the  soaps, 
Albumen  .  '    1 

Sugar  and  other  organic  >■ 

matters,  .    ) 

Hematin, 
Mineral    constituents     ) 

without  iron,  / 


39  0 
1-5 
0-3 

660 

21 
Ö-6 


In  1000  of  serum  of  ditto : — 


Water,      . 

958-5 

Fibrin,      . 

Free  fat,  . 

0-5 

Fatty  acids  of  the  soaps 

, 

0-3 

Albumen, 

30-9 

Sugar  and  other  organic 

• 

2-3 

matters. 

Hsematin, 

Mineral    constituents 

• 

7-5 

without  iron. 

As  yet  we  know  but  little  as  to  the  first  appearance  of  lymph-cells  tit 
the  embryo.  But  from  the  fact  alone,  that  lymph-corpuscles  may  be 
observed  in  foetal  blood  at  an  early  period,  we  may  infer  that  they  occur 
also  largely  in  the  lymph. 

Remarks.— Zoiuion,  Edinburgh,  and  Ihihlin  Philoaopkical  Magazine,  Feb.  1841. 
Comp,  also  Ntsse's  article  **  Chyle,"  p.  285. 


B.  TiflBueB  composed  of  simple  cells,  with  a  small  amount 
of  solid  intermediate  substance. 

8.  BpitheUum. 
§86. 

By  epiihelium  we  understand  a  tissue  formed  of  closely  associated 
cells,  which  clothes,  in  layers  of  greater  or  less  thickness,  the  external  and 
internal  surface  of  the  body,  canals  of  exit  and  even  numerous  com- 
pletely closed  cavities  of  the  system.  It  is  only  through  the  nearer 
acquaintance  with  the  history  of  its  development  that  wo  have  been 
enlightened  as  to  its  true  nature.  And  for  this  we  are  indebted  to  the 
searching  investigations  of  Bemak,  from  which  we  learn  that  at  an  early 
period  of  development  the  flat  rudimentary  embryo  is  bounded  above 
and  below  by  two  strata  of  cells,  the  corneous  and  intestinal  giajidular 
layers.  From  the  first  of  these  the  epithelium  of  the  external  surface 
takes  its  origin,  and  from  the  second  that  of  the  digestive  tract.  But  the 
cells  of  these  two  layers  play  a  further  part  in  the  construction  of 
numerous  other  organs. 

Thus  we  find  that  it  is  not  alone  the  outer  clothing  of  the  body,  the 
skin,  with  its  manifold  reduplications,  which  bears  these  epithelial  layers 
of  cells,  but  the  mucous  membrane  also  with  which  it  is  cantinuous, 
the  glands  of  the  intestinal  tube,  the  internal  surfaces  of  the  respiratory 
and  generative  apparatus,  and  even  parts  which  have  completely  ceased 
to  communicate  with  these  primordial  epithelial  layers ;  as,  for  instance, 
the  cavities  in  the  brain,  the  spaces  and  bounding  surfaces  in  the  eye 
and  auditory  organs :  these  all  possess  this  characteristic  covering.  Owing 
to  the  fact  that  the  secreting  gland-cells  having  the  same  origin  as 
the  epithelia,  we  frequently  find  transitions  from  one  kind  of  cell  into  the 
other  in  the  interior  of  those  organs. 

The  epithelium  extends,  however,  still  further  throughout  the  body. 
The  strata  of  cells  enclosed  between  the  corneous  and  intestinal  glandular 
layers,  namely,  the  so-called  middle  or  intermediate  layer,  becomes,  with 
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advancmg  deTelöpment,  the  seat  of  various  cavUii^  which  acqtiii^e  SEtbae- 
quenUy  on  their  i  tin  er  Biuface  a  eloÜung  oJf  epithelium.  It  h  in  tlii^ 
exceptional  tuanner  that  the  epithelia  of  serous  cavities  and  !iitmg  tnem- 
branea  of  the  hearty  with  the  "blood  and  lymphatic  vessel^ ,  have  liad  Iheit 
oiigin. 

The  elemeuta  of  epitheKum  are  pale,  transparent  cell»,  with  distinct 
nuclei,  only  absent  in  the  older  cells  of  nmny  kinds  of  tbäuea.  Tlie 
size  of  these  cells  h  liable  to  vary  greatly ;  it  lie^  between  0'0074  and 
0"056  mm.  ;  that  of  the  nucleus  is  less  so,  whose  diameter  niny  be  stated 
on  an  average  to  be  from  O'Ü045  to  0^0091  mm.  The  appearance  of  the 
latter  may  be  vusicnlar»  homogenous,  or  gi anular. 

It  hm  already  been  remarked  that  the  surfaces  of  the  body  are  clothed 
with  layers  of  epithelium  of  varjiug  thickne«8.  The  depth  of  the  tissue, 
in  factj  changes  to  a  most  extra^irdiiiary  extent  in  the  sevei-al  localities  of 
the  system.    Whilst  some  atmta  of  epitlielial  cells  may  attain  a  heiglit  of 

_^^^^^-  ^^^^^       2  mm.  and  npwariis  upon  the  external  skiii  of 

/^^  y. ,  A  [^  '*.  ^\  t^6  human  body,  so  that  they  wore  recognisable 
I  "^  t-*  /  f  rj-V.:-;  \  to  earlier  generations  of  anatomista  without  the 
aid  of  the  micn>scope,  they  may  yet  decieaiBd 
in  thickness  in  other  places,  foruiing  thin 
iugs  of  only  a  few  layers  of  cells,  Invisihlo^ 
the  unaided  eye,  Finally  (and  tUia  is  the  cas? 
over  by  far  the  greatest  portion  of  the  sur* 
_  face  of  the   body),  this   tisane   may   consist 

w\^  m.^nu  n-Ubeiium  «»*  t^m  "f  "^e  single  exti^mely  delicate  layer  of  celk 

the  imman  ftiüuth.  The  most  important  feature  which  this  so 

widely^listrihnted  tissue  presents  for  our  consideration  is  tho  tt*riet^ 
of  foi^m  which  it  dti^phiys,  which  has  led  to  the  n»c*^- 
uitioa  of  several  distinct  species  of  epithelium.  It  is 
coraparatively  seldom — and  in  the  human  Itody  o^et 
very  limited  areas — that  epithelial  cells  preserve  the 
original  typical  form  of  the  cell,  namely,  the  g^J*^ 
rt/iditL  "We  generally  find  either  one  or  other  of  the 
chuui^es  alTecting  the  spherical  body  already  considend 
(§  4G),  i.a.t  flattening  or  lateml  compression,  so 
it  usually  appeal's,  with  modilicationa  in  particular  inistances,  €1' 
as  a  flattened,  gqnaiuous,  or  narrow  cylindrical  cell. 

We  must  ther^ifore  distinguish  between  1,  the  ßaf toned  or  pat^numi 
epitheiium  (fig,  12T)  and  2,  ajUnder  or  eoimtinar 
epithelium  (flg.  1^8). 

Other  modifications  of  t!m  tissue  may  ari*L*  from 
the  free  surface  of  tlie  cells  bearing  minute  hair-ltki^ 
appendages,  as  we  have  alrtmdy  inention^xL  Thns 
a  tiiird  special  form  is  prod  need,  tho  mlimy  t*pi- 
fheltumt  a^.  129.  In  man  and  the  higher  anitiiala 
it  is  almost  excluaively  upon  the  cyUndrical  emlU 
that  these  supplemental  structures  occur. 

^gain,  in  certain  regions  of  the  body  the  oell  is 
found  to  ^Kjssess  peculiar  contents,  namtdy,  gnuiulet 
of  black  pigmotit  or  melanin,  with  which  its  body  may  be  chaigeil. 

In  human  beings  and  maujnialia  it  is  only  the  more  flattened  cells  of 
the  epidermis  which  have  tl»t?ae  exceptional  content«.  Tliey  rejiresenl 
what  used  to  he  described   by  histologiaU  as  pulyhttimt  pignwHi  c^Us 


Fig.  ISS, --Cylinder   or 

frctin  the  Uri;L'  iiiitii^ 
tine  of  tue  rjibbit 


cUtAqr  cell*  from  vert^- 
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(fig,  130),     According  to   mir  way  of  thinking  they  should  be  cftlM 

The  psctf^mely  variable  deptli  of  this  tissue  just  mentioned  leads  to 
furtiior  variety.  Besides  epithelium,  in  wliiuh  m&nj  layers  are  pkcL*d 
one  over  the  other,  formiog  a  hea^^  coating 
(ög.  ISl),  we  und  olhers  made  up  of  but  one 
«ingle  atratnm  of  cells  (fig,  1 32) ;  and  betweun 
the  d€JMf-lij  Iftmrnated  and  fioti-Iaminated  epet-if?« 
there  e^tist  many  iutermediate  forma,  in  whitih 
only  a  few  stmta  are  to  be  seen,  disposed  one  o\  i^r 
the  other.  It  mUBt  be  borne  in  mind,  from  this  Fif ►  iso^piijituntary  n*Uffned 
on,  that  it  ie  only  the  Öattened  epithelia  whicb  are  iS^'^ignlm  '^^mtFll; 
capable  of  becoming  laminated  to  any  reraaTküble  *^*^v^ 
«stent ;  but  that  they  need  not  necessarily  everywhere  take  ou  thia  fonn* 


'* 


/ 


\ 


5  87. 

Tbe  most  widely  distrilmled  vari**ty  of  the  tismie  nnder  conaidemtioii 
is  the  ßafUned  or  jmve7Ji*mt  epithel lunh 
Overlooking:  ita  more  limited  occurrenee 
in  certain  regif>«s,  H  is  juet  with  on  thi^ 
external  «kui,  on  many  mncous  mem- 
bmnes»  in  serous  6acs  {true  and  false), 
Bfi  well  as  on  the  intetnal  enrfsiees  of  the 
vessels  of  the  circulatory  system.  Its 
thick nes3  is  subject  to  the  greateist  variu- 
*tion,  so  tluit,  at  one  time  stixmgly  laniin- 
At«*d,  it  represents  the  strongest  of  uU 
fpithelia ;  at  another  it  difsplays  merely 
a  delicat«  coatirg  at  ct?lb  of  the  siniplest 
kind, 

Sim  pie  j^i  Vf  nti'ht  fpith  *'  Iht  m  ( 1 ) ,  in 
the  first  place,  furnjs  the  internal  coating 
of  the  cavili<ss  of  the  heart,  aa  also  of 
the  biood  and  lymphatic  vessels.  (2.) 
It  makes  its  appearance,  further,  in  the 
true  serous  sues  on  sjiiovial  memhnine^i 
(burwr,  sheatliÄ,  ami  capsules  for  the 
IDintfi).  {3-)  Again,  within  the  eye,  on 
be  posleriuf  surtiice  of  the  cornea  and 

erior  of  the  iris  ;  on  the  internal  surface  of  the  anterior  segment  of  the 

sale  of  Ihe  lens  ;  within  the  audi  lory  apparatus, 
namely«  on  the  perioÄlenni  of  the  internal  ear,  the 
inner  aurface  of  the  semicircular  canals  and  vesti- 
bule. T*y  what  extent  glantl  ducts  possess  such  a 
lining  neeil  not  for  the  prt?sent  be  discussed»  We 
find  iM>m Intimes  a  simple  and  sometimes  sliglitly 
Uminated  pavem«nt  epithelinm  in  the  canals  of  Fi«.  1*2.— s^lnpl^!  cMUDft  of 
exit  of  the  sweat  and  ceruminoiis  glamls.  The  tulf:! JttH^ m^^ 
fundibuli  of  the  lung  are  likewise  lined  by  the     »i«iie  «f  mneoui  mmniiMiii 

ue  apcies  of  eelL    (4.)  Finally,  the  greater  part     ****«*■*'■' 
of  the  ventricle«  of  the  brain  in  the  adult  is  covered  with  a  speciei  of 
pavement  epithelium  instead  of  the  ciliated  cells  of  early  life. 


on  the  clunii:>i 
%\9^nt  {a\  HflJJi 
older  nt  d 
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Fig.  lÄ3v — Slmpk*  pitPiTiPiit  fpl- 
vtew. 


The  «sleiiieiiU  of  this  iisiue  coaaist  of  pde  flat  cells  (fig.  133)  placed 
doaely  together,  and  without  any  apparent  intereellular  matter.  They  are 
frequently  destitute  of  granular  cojU^-nts,  but  display  at  times  very  tuimate 
dustrJike  molecules.  Such  is  the  indistinotnesa  of  limitation  in  the  eelU,  in 
certain  inetanee«^  that  their  outlioea  may  not  be 
apparent,  or  they  may  ieera  to  fuse  into  one  on- 
other.  Their  boundaries  usually  become  viaible, 
however,  in  the  form  of  dark  linea,  on  treats 
merit  with  a  dilute  solution  of  nitrate  of  silver. 

Theee  cells  possess  distinct  nuclei,  sometimes 
granulär,  somettuies  smooth-edged,  in  the  in- 
terior of  which  one  or  more  nucleoli  are  usually 
visible.  Their  furm  in  twofold;  in  one  instance 
they  may  be  broad,  with  a  polyhedral  outline 
(it)  ami  diameter  of  0*022G-O  0090  mm,,  while 
the  round  nucleui  h  0 '00 7 5 -0*005 7  mm. ;  in  auotlier  their  shape  is  more 
or  less  lanceolate,  and  length — 0*0226^  0455  mm*— with  a  similarly  nar- 
rowed nucleus  (b).  In  side  view  such  cellij  may  present  a  very  pwuUaP 
appearance  (b) ;  they  then  seem  to  posse.^  the  form  of  short  fibres,  thit  kened 
considerably  in  the  middle,  where  tlie  nucleus  is  situated.  The  first  of 
these  ppecies  of  cells  is  found  lining  serous  sacs,  the  latter  clothing  the 
intemaj  surface  of  blood-vessels  and  lymphatics ;  but  here  agam  there 
exists  much  variety  (Legros).  In  the  arteries  we  find  long  and  narrow 
cella,  while  the  endothelium  of  veins  is  made  up  of  shorter  and  broader 
elements. 

The  thickness  of  these  structures,  and  with  it  that  of  the  whole  covering, 
must^  a^  we  have  already  mentioned,  present  much  variety.  Wherö 
but  a  email  amount  of  fattening  has  taken  place,  the  depth  of  the  cell 
and  thickness  of  the  whole  layer  is  genemlly  about  0*0055  mm.  and 
upwards,  whilst  strata  which  liave  undergone  more  compression  may 
«ink  in  depth  to  only  0  0037-0  0032  nim. 

Those  tall  cells,  again,  which  occur  in  the  hollows  of  the  brain  also 

deeerve  «» fecial  notice  as  peculiar  elements ; 
also  thiisie  of  the  choroid  plexus.  The  latter 
(Üg.  131)  are  likewise  thicker  and  rounder, 
pving  off  one  or  more  pointed  processes, 
and  containing^  besides  the  nucleus,  as  a 
rule,  one  or  several  granules  of  a  dark  brown 
substance,  which  is,  moreover,  absent  in 
the  younger  cells. 

Pavement  epithelia  are  very  delicate 
structures  which  undergo  rapid  decay  in  the 
dead  body.  In  the  living  subject,  on  the  other  hand,  they  probably  con* 
stitute  more  dumble  tiJ^sues,  with  but  little  power  of  rapid  regen  erat  ioc' 
however.  The  epithelia  of  the  lung  are  perhaps  an  exception  in  thii 
respect.     The  mode  of  their  regeneration  is  not  yet  known» 

Reuarrs.^I.  BeeJIadc'M  AI1f(.  Anat.  p.  22d,  Jkc.  Luschka,  Die  Siructur d«r  »rl 
Häute.  Tiiliing«!!,  1S5L  2.  We  r«fer  our  ri'»dera  to  the  ipeeial  clmpter  on  the  i 
tmlar  system  for  the  rest.  3.  Tho^  viifwa  whiih  were  formerly  entertjiined  on  thi^l 
pointp  uid  vrhich  tAUght  of  the  exixttTn^e  of  a  kminiUiKl  pavement  epithebum  oa  thai 
Karfftuo  of  coiuieetive  tisiue,  war«  ba^ed  on  decepttire  itfipearancfs.  Howcrt^r,  ■!  sttl 
early  ifiiibryuiiLC  |:H-nod  the  «urfaü^  of  cArtLlftgBB  do  seem  to  be  clothi^d  with  m  Liysf  I 
of  c^llfl  slmilur  to  Ihcwe  of  tspithc^bum.  We  wUl  reft^r  to  this  sgKtn.  4.  Ci^inp.  th«  ■ 
ji«r4gr«j>h  ou  the  respiratory  amtjiratus  for  the  epithehum  iu  question. 


nun  diori^td  pltrxua     a,  cüIIa  frma 
ah&re;  £^  uid  c,  li^e  viewi  of  tbe  Hme. 


The  simple  pavement  epithel  ia  jiiat  referrod  to  pass,  without  any 
sharp  line  of  demarcatioHp  into  the  more  or  less  etrongly  kmiB&ted 
species,  th  rough  c«rtai  n  i  nte  mied  i  ate 
forma.  Thus,  on  t h  e  i  n  te  rtml  b  u  r  fnce 
of  the  t^inpanum  and  dura  mater, 
ind  external  surface  of  soft  skin, 
we  find  an  epithelium  fonoed  of 
several  layers,  hut  still  thin;  of 
ih^e  the  more  euperficial  are  recog- 
nJedd  BM  !brnie(4  of  krj^er  and  flatter 
cells* 

The  anterior  j^urface  of  t lie  cornea 
of  mammals  atfurds  an  interesting 
example  of  a  m(xJeratf;ly  laminaU'd 
epithelium.  Here  w©  find  from 
sevAn  to  nine  layers  of  cells  iaiii  oiie 
over  the  cither  The  eoimting  of 
them,  however,  U  not  in  all  ca5C3 
easy.  In  &oine  of  the  strata  we 
nb^rva^atteued  cells,  and  in  others 
aUl  bodies,  generally  of  round  figure, 
but  olten  assuming  other  forms 
under  the  mlluenc©  of  lateral  pressure*  The  undermost  laj'er  consists 
üf  naked  elements,  greater  in  height  than  in  Weüdth,  and  having  each 
a  full,  phimp  nucleus  (perpendicularly  elcmgnted  cells). 

The  lining  of  the  urinary  apparatus  is  still  les^s  markedly  latuitiated. 


flg.— lifl.^A  pdpina  fttim  the  rum  of  a  chUd, 
•  howinf?  ihv  vriAcüUi-  net-work  suit  l&mknittlbfi 


^''>^. 


->r*^^)^, 


The  «ppennost  layer  is  formell  nf  a  »ingle  stmtum 
of  celU  of  ddfercnt  sizes,  with  vesicular  nuclei 
Their  under  surface  displays  a  varying  number 
of  groove-*  with  ridgei«  and  prominences  situated 
he.tw*?eu  them.  Applied  to  these  depressions^ 
we  find  the  rounded  ends  of  cohunnar  cells  belonging 
to  &  second  layer.  Then  follows  a  third  stratum 
of  more  irregiilarly  shaped  elements,  at  one  time 
eyltridrical,  at  another,  more  or  less  fusiform,  next 
tri  which»  ünÄlly,  a  fourth  and  terminating  laytr  of 
»mall  palygonaL  cells   may  he  recognised   (Lifick, 

The  pavement  epithelium  of  many  mucous  mem- 
branes of  the  body  often  displays  much  stronger  and 
even  v^ry  considerablo  lamination,  as  for  instance, 
Uiat  of  the  conjunctiva  of  the  eye^  the  entiauce  to 
Ije  nares,  the  cavity  of  the  mouth  and   pharynx, 

well  as  the  ceaophagus  dow^n  to  its  connection 
with  the  stomach,  the  vocal  cords^  and  tinaUy,  the  mucosa  of  the  female 
genitals,  as  far  up  as  the  uterus. 

For  a  closer  examination  of  the^e  typical  förmationSj  the  mnulh  uiay  be 
recommended  as  peculiarly  adapted  (tig,  135).  In  the  deepest  layers, 
«eated  immediately  upon  the  tibrous  tissue  of  the  mucous  membrane,  we 
Ineet  with  strata  of  soft  small  cells  of  roundish,  or  at  times  more  oval 
ll^JHßf  with  a  diameter  of  only  about  0  0075  or  0  0114  mm.,  and  vesicular 


fllf.  13€, — The  kwmIM 
ifplitoUBL  or  fttrTgwi'4  c«11«. 
At  a,  fiom  the  undf:i"m<i>»t 

djerrnl»;  ftt  b^  ftom  k  J»- 
plll4i7  tumonr  of  tliu 
htutiui  tongae. 
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rifi,  lar— Epithcüftl  cdl*  from  the 
up;»eiTn<iit   iMyctv   of    Ihti    IiatiiAii 


nuclei  of  0*005  G  umi.  in  aixe,  or  lesi.  All  the«e  cells  tlispky  unde?  Ijigli 
microscopic  po  v^ers  a  very  peculiar  structure  (fig,  1 3*>).  Their  whole  surface 
namely  is  covüreil  with  prominent  ridges  and  epinea  (a)^  by  niean  of  wliicli 
neighbouring  cells  are  attachetl  to  one  another,  "  like  two  brushes  whose 
bristles  are  pressed  in  among  one  another  **  {SchnUzti). 

In  the  outer  layers,  finally,  the  epithelial  cells  (tig.  13G)  appeiir  as  thin 
scaly  structures,  without  either  grooves  or  pro- 
minences, and  of  considerable  size  (0*0425- 
D'07&0  mm.),  with  more  or  less  oval  and 
homogeneous  nuclei  of  from  0'0090  to 
O'Ol  14  mm.  Here  the  body  of  the  cell  con- 
tains a  few  gratiules  usually  in  the  vicinity 
of  the  nucleus. 

But  the  ceil  has  also  changed  in  its 
physical  condilioTh  Insteml  of  the  softness 
of  former  days,  it  now  manifests  a  greater 
or  less  degree  of  hardness  and  brittlene»s  | 
it  lias  become  homy,  as  the  saying  is :  it  is 
also  destitute  of  soft  protoplasm. 

Apart  from  the  differences  in  thickness  which  the  whole  bed  may 
show  (being,  according  to  Uenle,  0-2  mm.  on  the  palate,  and  on  the  gums» 
behind  the  teeth,  between  the  papillm,  0"4  mm.),  the  cells  of  the  iDcality 
Just  Dtentioned  seem  to  differ  but  slightly. 

The  persistence  of  epithelium,  already  considered  in  speaking  of  the 
simplest  pavement  cells  of  closed  cavities,  appears  to  be  the  same  in  the 
urinary  apparatus  ;  in  the  thickly  laminated  coatings  of  other  mncostsB  ifej 
ia  well  known  not  to  obtain.     Here  we  have  to  do  with  a  tissue  under 
going  rapid  r**pair,  in  that  a  certain  quantity  of  the  most  superficial  celJ 
is  rubbed  oft' continitally,  forming  a  regular  constituent  of  the  mucus 
the  part,  ^vhilftt  the  dfepur  cell«  advance  to  the  surface,  and  a  process  of" 
eel  I- formation  take^  place  in  the  undermost  strata  in  order  to  cover  the 
loss  of  the  desquamating  ct41s  of  the  surface.    The  multinuclear  epithelial 
cells  which  may  he  observed,  by  no  means  un frequently,  in  deep  parts 
of  the  strata,  are  evidence  in  favour  of  such  a  process  of  cell  fijnnatioii,| 
That  the  obliteration  of  the  spines  and  ridges  in  senescent  cells  prnjiar 
them  ibr  separation^  ia  very  prubablc. 
BKMAiiits.— if.  Schult:^  m  nrcUw'g  AtahW,  hd.  30,  «,  2Ü0, 

A  modification  of  the  pavement  epithelia  we  have  junt  been  dlacuasing^ 
is  found  ill  the  eye,  in  the  so-called  **  polyhedral  pigmeut  celb**  of  theuvca^' 
These  are  epithelial  cells,  partly  laminated  to  a  small  extiuit,  and  |)artly 
not,  and  muderatcly  Mattened,  which  occur  in  the  eye  in  the  form  of  a 
delicate  mosaic.  They  have  peculiar  contents  as  a  rule,  made  up  of 
numertius  elementary  granules  of  tlia  black  colouring  matter,  inelanili^ 
alri^ady  de«cril>ed  (p*  52)» 

Tht'se  cells  are  met  with  on  the  internal  surface  of  the  ohoroldea  in  an 
unbroken  but  single  layer,  which  becomes  suddenly  laminated  in  thö 
vicinity  of  the  ora  smTaia  of  the  retina*  at  the  same  time  that  the 
individual  elements  decrease  in  size.  Thus  arranged,  they  are  found 
covering  the  cilisiry  prooesseSj  and  in  the  human  eye  the  posterior  surfaoi 
of  the  iris  as  far  as  the  edge  of  the  pupil 

The  granules  of  black  pigment  are  sometimes  elongated,  sometime« 
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foanded,  aud  usually  appear  darker  the  smalJer  they  are,  in  any  onu 
individual.  They  are  ijrobaUly  crystalline.  The  tint  of  tUe  mole- 
cules is  by  no  jTimns  exacUy  the  same  in  diflerent  ma  mm  als.  In  man, 
where  the  granuJe^  are  small,  it  b  Been  to  he  brawn  iah  bhickj  but  id 
many  of  our  mammalia,  as  in  the  pig  and  calf,  it  b  jet  black,  Thu 
ti£a  of  these  particles  remains  always  coneidarably  below  0  0023  mm, 
ÄtiBweriJig  to  their  minuteness,  they  stiow,  on  becomirig  frt^t*  in  water,  the 
livelii?«t  molecular  motion,  a  phenomenon  which  may,  however,  be 
remarked  in  the  substance  of  iminjured  cell^  when  strongly  s wolle» 
iiDiler  the  action  of  imbibed  water. 

The  pigmentary  epithelium  iUelf  (fig.  138)  appeiirs  on  the  clioroid  a^  a 
»im  pie  bed  of  closely  crowded  cells,  of  a  beautiful  polyhedral,  usually 
hexagonal  figure,  running  at  times  through  whole  groups  (a)  with  thö 
greaU'St  regularity.  And  yet  they  may  be  found  indefinitely  angular  ;  and 
ome  unusually  large  cells  are  frequently  octagonal  {b).  Tine  diameter  of 
'most  of  these  cells  is  on  an  average  0'0014=U*02Ü4  mm,,  and  their  thiek- 
ne^  0-0090  mm. 

The  quantity  of  molecules  of  melanin  contained  in  the  tninsjiarent  thick 
and   tenacious   contents   of  the  cell  is  by  no   means   everywhere   the 
game.     We  meet  some  cells  (and  they  are  the 
most    suitable    for    examination)    in    which 
the    amount    of  black    elementary  particles 
18   but   small,  so  that  the  nuclei  and    niem- 
^Isranes,    always    Tery    delicate,     may     easily 
distinguished.     In    such    specimens    the 
nucleus  is  fotinil  to  he  0  0055-0  0075  mm, 
in  sijEe,  either  ronnd  or  more  or  less  oval,  and 
iways  smooth -edged.     It  has  usually  one  or 
iiore  nucleoli,     But  much  oftener  the  amount  of  molecules  in  the  pig- 
miint  cells  IS  far  more  considerable,  so  that  the  nucleus  only  glistens 
through  ns  a  clear  speck.     Should  the  particles  remain  somewhat  distant 
from  the  external  surface  of  the  cell^hody,  such  groups  of  cells  apfjiear  at 
rUrst  sight  as  though  separated  by  narrow  interv^als  of  transparent  inter- 
cellul  iir  subfitan  ce.    Final  ly ,  cells  are  e  nco  untered,  ^ 

ill  which,  such  is  their  richness  in  pigmentary  par- 
ticles, the  nucleus  is  completely  hidden. 

A  sitle  view  of  these  pigment  cells  (easily 
obtainable,  owing  to  the  small  amount  of  flatten- 
ing present  in  the  structure)  shows  that  only  in 
one- half  of  tht*m,  namely,  that  dir^ctini  towards 
III«*  retina,  do  these  melanin  granules  occur,  a 
transparent  contents  occupying  the  other  half. 
The  nucleus  is  situated  in  the  latter,  or  at  t}je 
juuctiuii  of  the  clear  and  dark  portions  (fig. 
139,  b). 

In  conclusiun,  we  may  remark  that  cells  with 
two  n  tie  lei  are  also  encountered  here,  Ijut  are  of 
rare  occurrence. 

At  the  boundaries  of  the  choroid ^  near  the  proee^u»  eUiareSj  the  lami- 
nated cells  are  smaller  and  less  clearly  polygonal,  while  they  have  become 
far  richer  in  jiigment,  so  that  the  nucleus  can  only  be  rendered  visible  in 
general  by  squeezing  the  cell-body.  The  lining  of  the  back  of  the  iris  is 
of  precisely  similar  nature. 


Flf,  1S8.— StHCJilti'd   jOffmcnt  irin 
frcm  UiiOi   cliurtikdcji   of    »tii^L'ii. 


i}\  tlie  ciif.  o,  eel]  wjih  two 
oudt-i;  b.  ft  »Uk  view  nf  i>ffli- 

wltfi  pigment ;  c,  dO'mG  whk>h 
ifv  mlf  tQpiiUed  with  btt?  -^ 
Bcartty  AnluuTit.  ot  pigment 
p«rUdeei;  rrjitTitht  ütilghbotir- 
bcKHl  of  tha  tapttum. 
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With  those  mammals  in  which  the  choroidea  forms  a  tapeiuin,  the 
epithelial  cells  of  the  same  undergo  an  iotereating  modification»  being 
liere  destitute  of  the  pigment  molecules  of  the  csontenta.  On  the  bound- 
aries may  be  found  certain  Intermediate  forms,  with  very  scanty  colouring 
matter  (fig*  K^9,  cd};  besides  which  some  isolated  black  celk  are  encoun- 
tered among  the  colourless  ones  of  the  tape  turn.  In  albino^  where  the 
pigment  fails  completely  in  the  eye,  all  these  cells  with  which  we  arcs  now 
engaged  are  completely  bleached,  appearing  in  the  form  of  a  very  delicate 
pavement  epithelium.  This  interesting  fact  may  be  verified  on  any  white 
rabbit  The  more  markedly  laminated  epithelia  have  no  pigment  ceUa  in 
man,  but  such  may  make  their  appearance  in  other  mammalsj  as,  for 
instance,  in  the  conjunctiva  of  the  horse  (Bnidt). 

RRMAiiKa— 1.  This  layer  of  cells  belong  howtiver,  as  we  kam  from  th»  hislory 
of  develapmeut,  not  to  tlw  Uift^  bat  to  the  ItcUna, 

§  90.  ' 

The  legion  uk  which  pavement  epithelium  is  most  strongly  laminated^ 
though  indeed  with  ceitiio  modifications,  is  the  external  surface  of  the 
body, 

The  surface  of  the  cutis,  which  appears  quite  smooth  to  the  tjnaiJed 
eye,  is  covered,  nevertheless,  by  a  number  of  minute  prominence  known 
as  the  papillm  iachts  (Jig.  1 40,  a,  a^  a).  These,  together  with  the  depres- 
sions between  them,  are  covered  with  very  numerous  layers  of  cells  lying 
one  over  another  {b  c  d).  Of  coar^se,  the  latter  naturally  possess  n  far 
greater  depth  in  the  intervals  between  the  papitlse  than  on  the  apices  of 
the  latter,  in  that  the  surface  of  all  the  strata  collectively,  or  the  epidermie, 
is  tolerably  even. 

But  apart  from  these  inequalitief^  produced  by  the  ridges  of  the  cutis, 
the  thickness  of  the  whole  clothing  of  cells  is  very  different  in  the  various 
parts  of  the  body.  It  may  range  from  0'04r-3  muL  and  upwarils,  the 
more  BUperüeial  layera  of  iiattened  cells  being  subject  to  the  greatest 
change,  the  deeper^  smaller,  and  rounder,  to  least  of  all  (C  KrauBn), 
The  unequal  pressure  which  the  various  portions  of  the  skin  exjiericnce, 
differences  of  occupation,  and  consequent  use  of  certain  parts  of  the  body, 
especially  of  the  hands  and  f^et^  account,  at  least  in  a  great  meaaure^ 
for  this.  And  yet  it  has  long  been  known  that  the  epidermis  on  the 
sole  of  the  foot^  even  in  the  feetns,  is  much  thicker  than  that  of  any 
other  region  of  the  body. 

The  cuticle  of  human  beings  and  other  mammalia  may  be  divided  into 
two  groups  of  strata,  into  a  eupertkial  and  a  deep,  which  are  continuous 
with  one  another,  at  one  time  gradually,  at  another  with  a  tolerably  sharp 
line  of  dematx^ation.  The  ürst  (d)  is  usually  termed  the  epMermU  in  the 
more  precise  meaning  of  the  word,  while  the  second  has  received  the 
name  of  the  Mftlpitjhian  layer,  or  ride  fiiueoeitm  (fe,  c).  By  a  certain 
amount  of  maceration,  these  may  be  eepaiatcd  from  one  another. 
From  tlie  fact  that  the  deeper  strata  iill  up  the  intervals  between  the 
papilla,  they  nmst  naturaUy  possess  here  quite  a  different  depth  from  that 
the  points  of  the  latter,  ns  already  mentiotied.  Hence  their  appeaninco 
is  renderctl  more  or  less  sievedike  or  reticulated,  which  lias  given  riio  to 
ttie  name  gctkerally  employed  by  the  older  anatomists. 

In  these  deepest  layer»  we  encounter  not  free  nuclei«  but  small  cells  of 
alxmt  0' 00 7 5-0 ^0090  mm.  in  size,  of  roundish  or  oval  form,  in  which  mm 
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fig.  UO  — Skin  from  h  iiciztii' a  IfK.     At  (j, 
IKp  paplUiE  of  tlie  ciiHin,  nfmn  ertlich  Um 


dkm  et  er  i»  gretiter,  and  may  rise  to  0*0114  mm.     The  outlineg  of 
bese  ceils  are  very  delicate  and  diflUcnU  to  distin^iish  ;  they  contain  a 
^ope  or  less  granular,   and   frequently 
'pUow  micleas,  0'0045-0-0075  inni.  in 
neter,  whose  shape  is  either  roundish 

'  oval.     Then  there  follow  a  consider- 

ile  number  of  strata  of  cells  lying  one 
over  the  other,  in  which,  however,  the 
latter  become  gratiually  larger,  ranging 
from  0*0181  to  O028Ö  mm,  A  poly- 
hedral flatteniDg  is  apparent  at  the  same 
time,  and  the  celb  seem  to  increase  in 
superficial  exteot,  their  nuclei  becoming 
paler  and  assuming  more  of  a  lenticular 
form»  All  these  layers  of  the  rete  Md- 
jjighii con  tain  the  same  spiuousand  ridged 

lis  already  described  as  occurring  in 

ongly  laminated  mucous  epithelium 
(fig*  141  fl).  But  besides  these  younger 
epitbebal  elements,  lymphoid  cells  which 
have  wandered  out  of  the  hlood- vessels 

I  encountered  in  varying  frequency  (§ 
1)*  They  may  be  distinguished  by  tlieir 
riUiant  border,  irregular  outlines,  and 
very  small  size.     Finally,  we  come  to  the  smooth-edged  cells  of  the  homy 

outermost  layers,  or  epidermis  in  the  more  restricted  meaning  of  tha 
^ord,  whose  diameter  is  0  0280-00450  mm.     From  below  upwards  they 

come  more  and  more  like  flattened  scales,  formed  of  a  transparent  and 
solid  substance,  without  any  immediately  recognisable  memhmne  (fig.  145), 
Though  in  this  respect  they  resemble  the  most  superficial  cells  of  lami* 
natetl  mucous  epithelia,  they  still  differ  from  these  in  possessing  no  nuclei. 

This  absence  of  a  nucleus  is,  however,  immaterial,  for  in  young  embryos 
all,  even  the  most  saperficial  scdes,  are  nucleated^ 
as  also  those  on  the  adult  body,  at  spots  where  the 
ikin  is  of  a  soft  texture,  and  naturally  moist. 

Now,  as  the  layers  of  the  epidermis  lying  one  over 
the  other  present  a  dull  white  or  brownish  appear- 
ance, they  must,  more  or  less,  damp  the  deep  red 
colour,  due  to  its  great  vascularity,  of  the  cutis  lying 
underneatli,  and,  moreover^  in  a  degree  proportionate 
to  their  thickness. 

We  are  taught  this  also  by  experience.  In 
those  localities  J  namely,  where  the  tint  of  the  skin 
is  reddest,  the  epidermis  is  very  thin,  as  on  the  lips 
and  cheeks.  It  attains,  on  the  contrary,  in  tlie 
sole  of  the  foot  ami,  with  many  individuals,  in  the 
palm  of  the  hand,  a  great  thickness,  combined  with 
a  progressive  decrease  in  the  red  flesh  colour,  until 
at  last  at  those  points  where  the  cuticle  is  thickest 
jjothing  but  the  tingo  of  the  epidennal  layers  is 
bparent     This  is  also  seen  in  weals. 

It  is  weil  known  that  the  skin  of  Europeans  presents  at  certain  points 
a  brownish  titit,  lighter  in  blonde  individuals  than  in  brunettes.     Among 


s. 


Flf.  Hl.~So-c«n«tdiptDinRi 
or  ridgnl  ^lli,  a^  fruni 
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tliese  points  may  be  reckoned  the  tiipple  and  areola  of  the  breast,  the 
Skrotum,  the  labk^  and  thö  vicmity  of  the  anus,  aa  well  as  the  moTQ  indi* 

vidual  cases  of  freckles  and  moles,   ^^ow,  thia 
colouring,  wHch  ia  only  found  in   isolated 
t'w'x:!'^^-'?^'^  -'*         portions  of  the  bodies  of  those  b^lon^Lng  to 
T^^Tp^^'^CÄ^-^^         the  white  human  racea,  appear«  most  ext^n- 
^30CJ  *'^^  r^  TA       eively  in  the  multtfarious  shadea  of  fikin  of 
the  remaining  varieties  of  our  species,  down 
to  the  deep  black  of  many  tribes  of  negroea. 

As  far  m  has  liitherto  been  aseertmned,  these 
darker  tint»  {in  wluch  the  librona  tissue  of 
the  cutis  is  never  affeeted)  are  dependent 
on  three  conditions,  which  are  combined  in  the  speeially  marked  cftsea  : 
namely,  on  a  tinging  of  the  nucleiia  with  a  usually  diffuse  pi*xnient  j 
secondly,  on  a  similar  but  much  slighter  colouring  of  the  whole  con- 
tents of  the  cell ;  and  finally,  on  the  deposit  in  the  body  of  the  cell  of 
a  grannlar  pignjentary  niiitter.  It  is  principally  the  deeper  layers  of  tliö 
euticle  which  take  part  in  these  changes  (fig,  138  h  c). 

Like  the  mucous  membnmes,  epidermis  suffer«  considerable  losa  by 
desquamation^  owing  to  triction,  w-^ishing,  the  pressure  of  clothe«^  Sec,  so 
that  it  may  be  looked  upon  as  a  rather  transient  tissue. 

Remarks.— Wbcn  th^sa  tints  of  the  *kin  ar«  leaa  int««se,  we  usimlly  And  thut  iti« 
merely  the  de^-jH^^t  jilii^I  mmt  mutnüy  formed  layi^tn  of  cells  wlur-lj  conutn  nuclt*i  of  n 
RligliU|^l>POwnish  colour.  B(it  if  the  htte  of  the  skin  deepns,  that  of  the  »viclci  be- 
L-oine«  littensiiitHl  to  a  che^tinit  brown  or  brown  black.  The  content^  however,  of  the 
cell  are  now  no  longer  free,  hut  slightly  tinged  with  brown.  Fiually,  in  tlie  un<lcrmoat 
kj^ers  of  tlie  cuticle  we  ftud  eell»  with  graimlar  colouring  niattei-  also,  wbi»*h  vary  hi 
sHaile  from  yellow  to  hrown»  or  even  fruni  this  to  the  bhick  of  ineliuir*.  Here,  theo, 
Wä  h&Fe  epidermal  cetls  cod  tuning  melaniti  also  in  the  htimün  sabject* 

We  now  turn  to  another  form  of  the  tissue  we  are  engaged  in  considor- 
ing»  known  as  e^/fhider  or  columnar  epithelium,  occurring  in  the  human 
body  on  its  mucous  membi-anes.  This  is  the  epithelium  of  the  digestive  tract, 
whose  internal  surface  h  clothed  by  it  from  the  cardiac  eml  of  the  stomach 
lo  the  anus  in  uninterrupted  cuursej  where  it  terminates  with  a  sharp  line  of 
demarcation  against  the  epiilerniis.  Further,  it  ia  found  in  the  latter  excre» 
tory  ducts  of  those  glands  pouring  their  gecretions  inl^  the  intestina!  tube» 
as,  for  instance,  those  of  the  pancreas  of  the  liver  and  gall-bladder,  Tho 
passages  of  exit  likewise,  from  the  mamma  and  lachrymal  glands,  as  well  an 
certain  portions  of  the  generative  system ,  are  lined  with  the  same  Oil]& 
Further,  a  modiÜed  cylinder-epithclimn  is  found  on  isolated  portions  of  tho 
r»rjgan3  of  sense,  as,  for  instance,  on  the  regio  olfactoria  of  the  nose^  and  on 
the  brijad  papilla  of  the  frog*»  t<rngue.  We  sliall  have  to  refer  to  thi^  again. 
This  species  of  epithelium  consist«  of  a  single  layer  or 
coating  oftall  narrow  cells,  set  up  perpendicularly  on  their 
end^  which  either  pc^ssess  the  saoLe  breadth  througb- 
out,  or  are  broadest  at  their  free  extremities  (lig.  143)« 
while  at  the  opposite  end  they  are  narrow^ed  down  more 
or  le:^  to  a  point  In  many  of  these  cells  the  nucleus 
lies  about  in  the  middle«  in  others  it  is  situated  lower 
down.  Externally,  we  fiud  here  also  a  piljhedral 
"""  accommodation  where  the  cells  come  into  contact,  m 

that  cylinder  epithelium,  observed  from  above,  often  pre.^cniU  the  appear- 
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Mg.  144  -Cylfuder  «Hi  of  « 
murouii  Tncmbmnfic,  a,rri.Dj£c>U 

iimtk).    0,  tha  ft^llB;   b.  thu 
brmtie. 


auee  of  aii  cxti^mely  delicate  mosaic,  similar  to  that  of  pavement  epitht?* 
h«OL  But  the  fielde  ate  sinalleT,  and  the  imclei  lie  deeper  than  t!ie  edges 
of  the  cell. 

Beluw,  the  ppijited  portions  of  the  cell,  sepoj^ate  at  times  from  one 
another  (fi^.  1 44),  in  ivhieh  case  the  trauspatent*  iiitetceliular-subetanc© 
becomes  visihlc  with  considerabla  distinctness  (b). 

Hut  where  the  cells  remain  broad  b^low,  or  serve  tc»  rlothe  strongly 
curved  surfaces  (%,  145),  they  lie  in  contact  with  one  another  throughout 
their  whole  length. 

The  nuclei  of  cylinder  cells  are  roundish  and 
smooth,  supplied  also  with  nucleoli.  The  body 
of  the  cell  IS  «eldom  quite  transparen tj  but  usually 
delicately  granukr  and  slightly  ch>uded.  The 
membrane  is  generally  very  thin  and  tine  laterajly, 
and  is  probably  al>a&nt  on  certain  portions  of  the 
free  base  of  the  cell,  or  rather  replaced  by  a  sol't 
Uiundary  layer  ;  at  time«!,  however,  it  is  met  with 
ap^ireiitly  rhickeued  by  a  transparent  layer  of 
t!je  cell-eon tents  lyißg  l^eneatb  it,  containing  no 
l^iuiuliis  (tig.  143). 

Both  as  to  «izc  and  form,  our  cells  aie  subject  to  numerous  variations. 
Many  appear  tolerably  short,  while  others  are 
hmji,  and  at  times  also  run  out  into  long  pro- 
ü^i^se^  below,  Mtiny  of  them  again  are  broad^ 
jso  that  the  nuch^us  may  be  seen  surrounded  by 
the  membrane  at  no  inconsiderable  distance  (üg. 
143),  whilst  others  remain  mueh  narrower.  In 
the  latt^  case  the  envelope  aurrounds  tlie 
nucleus  closely,  or  appears  bulged  out  by  the 
latter.  Finally,  we  meet  with  cells  which  con- 
tain double  nuclei. 

The  relation  of  length  to  breadth  in  the  cells 
of  the  human  small  intestine,  is  as  0'0182- 
(»0270  mm.  to  0 ■01)57-0  OOüO  mm.  at  its  upper 
end,  while  at  t\w  openings  of  the  biliary  and 
fwiJicreatie  ducts  the  cells  are  naiTOWcr,  with 
the  same  length.  Htmh  has  seen  unusually 
^•lender  ones  in  the  huiuan  stomach. 


02. 


Fli;.  H^,— All  Itir^tiUiidl  vi]]»» 
clöthrd  wtth  i7 Under  ci?Mpl 
a,  O^lbdcr  ei>lt  hull  urn  wlUi 
bordi'iji  h,  viiMuliLr  network  j 
r^  lontfUudinaJ  hundlrt  ai 
iniL^nilAr  (TibffSf.  d,  chyle 
vfi*d  In  the  cenlre. 


As  has  already  been  remarked  in  the  general 
section  (§  50),  cylinder  cells  may  display  strange 
deviations  from  the  characters  just  mentioned!, 
cepedaily  those  in  thtj  small  intestine  of  man  and 
other  mammals. 

The   tluckneas  of  the   border    piercetl   with 
minute  pores  (fig.  Ho  a.  147)  is,  in  the  rabbit,  from  0  0017  to  0*0025 
mm.,  and  the  number  of  lines  crossing  it  from  10  to  15. 

This  secretion  of  the  cell  consists,  as  we  have  already  mentioned,  of  a 
coagulated  proteiji  substance,  difrering  from  the  meniVuane,  and  offei'* 
ing  but  small  resistance  to  the  action  of  water»  on  the  application  of 
which  transparent  drops  rapidly  well  from  it     Whethcjr  these   porca 
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r^ly  pass  through  ft  regular  cell-membrane  or  no  has  not  yet  b€«ii 
ascertained.  CtlU  which  have  puffed  out  under  the  action  of  water  »how 
clearly  the  pre»ence  of  a  lateral  membrane  at  least. 

However,  it  is  not  rIoho  the  cylinder  cells  of  the  small  intestine,  but 
also  those  of  the  gall-bladder  and  larger  biliary 
ducts,  which  possess  these  thickened  lids  per* 
lorated  by  canalicali  ( Virthow,  Frmireidt}',  the 
sjune  structures  ar«  said  to  have  be«n  encoiin- 
tered  in  the  large  intestine  and  other  localitiea. 
Columnar  cells  containing  melatiin  have 
neither  been  iiiet  with  in  man  nor  any  other 
mammal. 

Cylinder  opitheliimi  appears  to  undeT^ip 
ia  general  bot  mnd  crate  physiologica.1  reno- 
vation. The  older  views,  accuiiling  to  which  & 
frequently  repeated  ötrippittg  of  larger  eurfaoes  took  place,  have  long  since 
l>een  recognised  as  crroneoua. 

Among  these  cylinder  cells,  but  also  betw^een  the  elements  of  ciKary 
epithelia  and  the  sctft  slimy  epidermis  of  the  lower  vertebmtea»  are  to  be 
found  certain  peculiar  elements  which  have  been  named  **göblet-cells " 

(Bechertdkn)  {^%.  143  a\ 
Thoy  are  ^oni^Umes  did- 
poHt^d  without  order,  but  at 
other  times  possess  a  certain 
regularity  of  arranggmenk 
They  have  usually  the  form. 
either  of  a  plump,  or  moj 
or  less  slender  flask 
wide-mouthed  goblet, 
are  destitute  of  membrane 
on  their  free  surface*  The 
nucleus  and  protoplasm  of 
these  elements  is  displaced 
tovvartls  the  lower  polnttMl 
extremity,  w hilts  the  other 
halt'  is  occupied  by  a  slimy 
substance,  {granular  when  in  a  fresh  cfmdjtion,  but  transparent  in  speci- 
mens subjected  to  nmceratiun^  We  look  upon  them  ^  decaying  ckIIs 
engaged  in  a  process  of  slimy  metimorphosis. 

BiEMAKKs. — The  göblft-ctflln  in  f^iiestinuj  krtown  many  yt?«rs  ago  l^  varfou« 
ohaerver«,  hnve  become  imXvU  thi?  object  of  gL-ner*!  i^ttentiDn»  «nrl  have  rvnketK  tme 
might  almost  EsAy^  a  supiTubtimlancu  of  trtMitUes.  This  k  n»  ptact?  to  t^iY%tf  npon 
ftcntiiiiaim  of  those  works,  bm  »t  wmy  be  oba4*rvM  thftt  tht-y  regard  the  mtittör  frötn 
threfl  dlrt'ifrent  point»  of  view  :  L  tTobht^ccUs  are  epithelial  vleineutÄ  crnstlg^  ill 
mhmy  metÄniorpKo$i».  2,  They  are  iniiepend^^nt  fürnidiions,  not  derived  from  the 
nrdinftry  epithelial  celb.  3.  Th^)'  do  not  exiitt  In  the  living  body,  mnd  fere  purvsly 
arliticliLt  prodnülii>iis 

§93. 

We  turn  now  to  the  last  mod iR cation  of  this  clothing  tisane  represented 
in  eih'ated  epithelium.  We  understand  by  ciliated  epithelium,  a  coating  of 
cellB,  sometimes  single,  sometimes  laminated,  which  bear  on  their  free  endi  a 
varying  number  of  small  hair  like  bodies  endowe^l  with  a  power  of  motion ; 
the»c  are  the  elUa.     The  fully  devalo^>^  cell  ia  ueually  presented  to  ue 


Fie.   147. — Tlie  «nme  citWw,     At    n,   the    bixirilcr   tin»   ti^eii 

flf  Hid  evil 9  In  ijie  n«)nfiiiil  eoiidlilrm :  r,  m  pitt  ^  tha 
ihlcketml  border  is  ili-sti  r>y«^a^  ft  €  A  lbs  lilter  »«alvtt* 
lidoll  Into  t<?ikUiit«  cnliiTnflAr  or  prhniMtlc  {Jit^eQ9. 
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in  tbolE^f&^«i  a  eylioder,  lesa  frequently  o^  a  more  rounded  o?  flatteuod 
body.  Tlie  undeveloped  elemeutä,  lying  deeper  down  in  t lie  tissue  spoken 
of  as  laminated  ciliary  epithelium,  are 
rouriiler,  and  destitute  naturally  of  the  char- 
teteristic  ciliu. 

The  columnar oelli  of  ciliated  epithelium 
(fig.  149)  mujiifeat  the  S4ime  diversity  of 
form,  and  the  same  dil ference  of  length,  as 
those  of  the  simple  tia^ue.  The  free  edge  of 
the  cell  sometimes  presents  a  darker  con- 
tour than  the  aUle  walls.  Ita  esuhstance  is 
at  one  time  trans  pare  nt^  at  another,  finely 
granular,  but  always  tolerably  pal  a  The 
number  of  cilia,  as  we  have  already  mentioned,  is  liable  to  vary,  and  ranges, 
proha>4y,  between  ten  and  thirty.  In  mammalian  animals  and  man 
tlie  cilia  appear  eomewliat  flattened,  and  terminate  above  sliglitly  blunted, 
althougb  some  observers  speak  of  their  being  pointed.  The  size  of  these 
minute  hairs  is  subject  to  variation  among  the  higher  am m als«  In  tlie 
first  place,  those  attached  to  any  one  cell  aie  not 
necessarily  all  of  the  same  length  ;  and  again  they 
aie  met  with  of  larger  or  smaller  prop<irtions  in 
different  localities,  Tlie  gigantic  magnitude  which 
they  attain  in  many  of  the  lower  groups  of  animalB 
ia  never  seen  here.  The  largest  cüia,  of  from 
0-0226  to  0*034Ü  mm.,  are  found  in  the  humim 
subject  upon  very  large -sized  eylinilers,  mca- 
sunng  0  0445-0*0560  mm.,  which  clothe  the 
upper  part  of  the  passage  of  the  epididymis 
{Kolliker). 

In  other  situattons  the  cilia  are  smaller,  as  for 
instance  in  the  com  vascidoati  of  the  testicle  (0*01 1 4  mm.),  but  their  length 
is  still  less  in  the  epithelial  ceUs  of  tho  tespimtory  organs,  namely, 
0*0056-0  Ü038  mm.  The  length  of  the  cells  themselves  ranges  in  the 
human  hody  from  0^0285  to  0'0570  mm.  The  cilia  are  of  a  delicate  and 
perishable  nature,  and  consequently  decay  rapidly  a  few  hours  after 
death«  At  times,  however,  they  remain  exceptionally  in  a  very  pcrlcct 
eoiidition  even  for  days  in  the  bodies  of  the  Wftrm-blooded  aiiimab* 

Cihated  epithelium  is  found  in  the  following  parts  of  the  human 
body  :— 

It  clothes  the  mucous  membrane  of  the  respiratory  tracts  commencing 
at  the  tia^fie  of  the  epiglottis,  after  which  it  covers  the  whole  larynx,  with 
the  exception  of  the  vocal  chorda.  Here  it  is  slightly  laminated,  forming 
a  bed  of  from  f) '0056  to  0 0992  mm,  in  depth.  It  likewise  extends  over 
the  trachea  and  bronchi  wiüi  decreasing  lamination,  until  at  last  the 
very  smülli-st  tubes  are  covered  with  a  single  layer  of  minute  elongated 
eihiilisd  ctdls,  0  0 130  mm.  high  (Kodliker). 

'lim  organs  of  smell  also  possess  a  laminated  ciliated  epithelium,  com- 
mencing about  at  that  point  at  which  the  cartilaginous  nose  terminates. 
It  is  from  0l>451  to  009^2  mm,  in  tlncknes.^.  Tlie  re^fio  olfttchriu  alone, 
in  tliu  more  restricted  applii:ation  of  the  tenn»  ia  an  exception  to  this 
with  its  epithelium,  which  will  be  considered  more  at  length  in  discussing 
thi5  appaniius,  Moreover^  it  is  not  only  the  main  cavities  which  are  lined 
with  theae  cells,  but  the  adjacent  ones  also  connected  with  the  organ. 
II 
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Simple  ciliatdl  cells  are  alao  mtt  with  covermj(  the  niuconä  membrane 
of  the  female  genemtive  apparatus  from  about  the  middle  ot  the  neck  of 
the  iiterus  up  to  the  frt?e  edg«  of  the  timbria. 

Again,  in  the  male»  the  vom  effermitia^  eoni  vasailoti,  and  the  passage  of 
the  e^iididymia,  dci«*n  to  about  its  middle,  are  clothed  with  similar  cellg, 
which  beci.»me  larger  aad  support  linger  cilia  as  we  adAmnce  downward 
(Becker,  KöHiker). 

In  the  newdxini  child  it  would  appear  the  cavities  of  the  brain  and 
apiual  cord  still  poa^eija  tlirougUout  a  lining  of  ciliated  cell?.  This  is  only 
partially  the  ca§o,  however,  in  th©  adult.  Thus,  we  find  these  cells  in  the 
oentTal' canal  of  the  cord^  at  the  posterior  end  of  the  fourth  ventricle,  in 
the  ftqu£Bdu4:lm  SUmi,  and  in  the  lateral  ventricles.  The  remaining  parti 
of  these  regions  are  lined  by  simple  pavement  epithelium  of  more  or  lew 
rounded  cells,  in  the  adult  individual  The  plexws  choroidf^i  and  ttlm 
ckmvM^ß^  are  covered  by  that  modified  rounded  pavement  epithelium  men- 
tioned drt^y  in  an  earlier  section  (§  88j,  though  in  the  emhryu  tliey  are 
clothed  with  ciliate^i  cells. 

In  concloaion,  we  find  a  stmtuni  of  Jlattened  epithelium  cells,  arranged 
simply  or  in  layers^  and  covered  with  ciho,  in  the  Eudaddan  tube  and 
cavity  of  the  tympanum,  which  gives  way  on  the  surface  of  the  latter, 
howeverj  to  a  mnltilaminar  pavement  epithelium. 

Pigmentary  ciliated  cells  are  unknown.  Ciliated  e[iithelinm  appears 
to  possess  a  limited  physiological  power  of  renovation.  '*  Gobletrcidk  " 
tra  fretjuently  met  with  among  tbom  {Schufte), 
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Any  chemical  examination  of  epithelimu  to  mett  adequately  the  require- 
ments of  present  day  histology  would  have  to  mndertake  the  Analysis  of 
cells  and  intercellular  substance,  as  well  aa  that  of  the  oucleus,  body,  and 
envelope  of  the  latter^  should  it  be  present  It  wouhl  have  to  show  also 
what  the  changes  in  chemical  conBtitntion  are  which  tlte  young  cell 
passes  through  in  laminated  epithelium,  while  undei^oing  transformation 
into  the  seale-like  formations  of  the  older  and  more  superftd&l  laytrsk 

But  tiiese  theoretical  requirements  cannot  be  responded  to,  in  ttiat  «e 
possess  no  means  of  isolating  the  several  portions  of  epithelial  tissue  from 
one  another,  and  can  only  subject  the  whole  mass  in  the  form  of  a  mix- 
ture to  analysis.  In  spite  of  all  this,  however,  so  much  is  certain,  that 
epithelium  h  a  tissue  which,  in  its  simpler  forma  and  younger  layers,  is 
made  up  of  cell- bodies,  consisting  frequently  of  protoplasm,  while  in 
epithelia  of  greater  thickness  the  superficial  layers  undergo  chemical 
transformation  to  a  considerable  degree,  owing  to  which  they  hecom« 
hard,  drte<J^  and  more  consistent,  i.e.,  become  converted  into  comeous 
matter  or  keratin  (§  14)^  or^  as  the  saying  is,  become  horny. 

Many  non-laminated  pavement  epithelia,  together  with  cylinder  and 
eiliated  cells,  display  the  ordinary  characters  of  elements  formed  of  nnsUibla 
protfjpEasm,  tlie  action  of  water  even  causing  changes  in  the  cell,  such  as 
pufhug,  expulsion  of  epherical  drops,  and  bursting  of  the  envelope.  On 
the  other  hand«  numbers  of  simple  pavement  epitlieliii  ri«siat  the  action 
of  both  cold  and  hot  water,  and  are  affected  only  by  mkU  and  alkali^ 
earlier  or  later,  after  which  the  protoplasm  is  rhaiig^d,  though  a  portion 
of  it  may  rtvniain  unaltered  around  the  nucleui^.  The  latti*r  usually  otfers 
a  determined  resistance  to  the  action  of  acetic  acid* 

The  bearing  of  the  deo^ier  or  younger  cells  of  laminated  epithelia  agree« 
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trf1&  the  deacription  just  given,  while  the  more  superßcial  ücaJe-like  forma* 
tionif,  nt  one  time  nncleatcil,  at  another  not  so,  give  the  reactions  of  keratin* 
Till»  representsj  nattimUy,  a  niixtui*e  of  substances;  it  forms  the  nucleus, 
contents,  envelofie  of  these  elcnvents,  aud  the  scanty  intercdluhir  Eiatter ; 
the  residue  after  treatment  with  water,  alcohol,  and  ether. 

This  mixture  is  then  inßoluhk  in  cold  as  weU  as  boiling  water^  and  (if 
not  contaminated  with  other  elenicnta  of  connective  tissue)  yi«?hls  no  glutin 
on  boiling;  nor  h  it  acted  on  by  acetic  acid.  Even  to  so  I  ph  uric  acid,  in 
which  it  ijecomea  ptiffy,  it  offers  a  certain  amount  of  resistauce.  With 
hydrochloric  and  sulphuric  acid  it  give«  the  reactions  of  the  protein  snb- 
stanceit. 

Its  conduct  toward  alkallea  is,  bowever,  of  the  greatest  importance : 
with  them  keratin  enters  into  eombination,  i^t  the  same  lime  ilmt  it  puifs 
out  or  becomes  gelatinous,  and  la  subsequently  dissolved  on  the  addition 
€»f  water.  If  to  such  a  solution  of  kemtin  acetic  acid  he  added,  certain 
prmlucis  of  the  decomposition  of  the  albuminoid  group  are  precipitated. 

The  swelling  up  of  this  tissue  before  solution,  as  it  occurs  both  in  cold 
snd  heat,  has  much  interest  for  the  anatomist  (hg.  150).  In  order  to 
iuot?  this  appearance,  wo  treat  the  epidermis  either  with  a  very  strong 
lustic  solution,  and  then  with  water,  or  we  employ  from  the  coinmenc^- 
L*nt  more  dilute  reagents.  On  this  the  older  cells  become  puffed  out 
^iito  spheroids  (1  ?>-/,  2  6,  c),  lose  their  flattened  figure,  and  again  assume, 
ill  the  most  stnkini^:?  manner,  their  original  cellular  character,  the  contents 
sginnin^  to  di^olve  in  the  imbibefl  fluid,  and  the  envelope  tu  become 
'tbarply  defined.  At  the  same  time,  also,  the  stratiti cation  of  the  epithelial 
beds  beconies  distinctly  visible,  so  that  in  this  respect  likewise  alkalies 
may  l>e  of  the  greatest  service  to  microscopista.  Luter  on  the  nnrleos  is 
attacked  (I  fr-c?},  «nd 
lieu  the  interceUukr 
itter.  Fiimlly  tlie 
av^elope  ia  dissolved, 
hut  only  if  the  cell  be 
not  one  of  those  which 
have  been  completely 
~  nvcrtt'd  into  horny 
_^  atier  Very  old  squam- 
Otis  elements  jjossess,  on 
the  other  hEinil,  a  mem- 
brane which  reudnds  us 
in  its  great  capacity  for 
resistance  iö  alkalies,  of 
th  e  subs  ta  r  I  ce  o  f  the  e  I  as- 
lic  tissues.  The  addi- 
tion of  acetic  acid  pro- 
dueeä  in  the  cell  which 
has  gelatinised  in  the 
man  n  er  d  e*c  ribed  >  s  i 
precipitate  uf  decom- 
sed  p  ro  te  i  n  s  ubs  Ui  ncc's 
ly  mentioned  (1  .^i 
\dl 
Alter  wliat  has  just 
bem  rem^rkeii,  there  caii  be  hardly  any  doubt  that  keratin  psrtakee  of 
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Fig.  lao.— I.  H^tirhPllftl  ceUt    At  «.  ■"  t.t, 
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«ddtUoti  of  iicslte  iciiJL 
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the  natura  of  a  mixture,  ao  that  its  present  analyses  are  almost  wortMesa» 
We  may  take,  for  instnnce,  those  quantitative  ones  of  MuMer  and  Süwrer^ 
which  apply  to  the  epideroiis  of  the  sole  of  the  human  foot 
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The  amount  of  eulphur  (0*74  x^er  cent.)  in  Mfdde/s  analysis  appeal« 
strikingly  small,  whila  it  is  found  to  rise  to  hetireen  2  and  5  per  cent  in 
the  keratin  of  other  tissues.  As  to  tlje  form  in  which  it  is  contained  in 
ihe  latter  we  know  nothing.  It  is,  however,  only  loosely  combined.  The 
pioportioa  of  aah  rises  U  ahont  from  1  to  1-5  per  cent,  Theealta  obtain- 
able are  cldoridea  of  sodium  and  potassium,  sulphate  and  pliosphato  of 
calcium,  phosphates  of  magnesium  and  of  iron,  besides  which  silicatea  art! 
also  contained  in  the  epidermis. 

The  pigmentary  cells  possesis  the  same  characters  as  sU  the  other 
epTthelial  Ibrmaiions.  Those  of  the  eye  correspcmd  in  their  delicate  con- 
stitution with  the  nondaminated  epithelia.  In  regard  lo  the  melanin 
with  which  they  are  charged,  comp.  §  37.  Finally,  we  are  still  quita 
ignorant  as  to  what  the  matter  is  with  which  the  nuclei  of  epidermal 
cells,  of  dark  spots  of  the  skin,  are  coloured. 
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The  elements  of  epithclimn  stand  in  very  close  genetic  relationship  töj 
the  gland- cells.     Bcmak  has  shown  that  both  tissues  have  their  origie 
from  those  two  layers  of  cells  continuous  with  one  another,  which  clothe 
the  internal  and  external  surfaces  of  the  embryo üic  body.     There  like^.] 
wise  exists  frequently  between  the  epidermal  elements  and  gland -cells  of j 
the  mature  body  a  gradual  transition :    many  glands,  namely,  are  lined 
with  cells  which  can  hardly  be  distinguished  from  those  of  the  epithelia 
On  the  other  hand,  as   a   feature  in  epithelial  life,  the  formation 
mueuif   has  much   in   common  with   the   destiny  of  certain  gland  ele> 
ments;  and  those  goblet-cells  mentioned  above  (§  92)  may  he  named 
single-celled  glands.      Finally,  the  tendency  which  they  both  display  io 
excrete  amorphous  matter,  as  for  instance,  the  thickened  ceB-bordcr  or 
that  which  hardens  into  the  vxeTtxhrana  propria  or  baeetneni  TJicmhmnet 
may  perfjaps  he  regarded  m  another  feature  common  to  the  gland  and- 
epidermal  eel  la.      The  genesis  of  these  two  structures,  however,  must  b«.^ 
more  fully  ascertaijied  before  we  can  unreservedly  adduce  it  aa  additional 
proof  of  this  relationship  between  the  two, 

Kow,  when  the  question  arises  as  to  the  purposes  which  epithelium.  J 
serves  in  the  body,  and  why  all  the  surfaces  of  the  latter  are  clothed" 
with  auch  a  continuous  cellular  coating,  wo  must  confess  ourselves  in 
a  difficulty  in  ascribing  to  each  species  its  particular  properties. 

If  we  look  for  a  physi*jlogii*al  significance  in  our  tissue,  it  may  be 
said  to  have  its  basis  in  all  probability  in  the  relation  of  the  latter  to  tho 
nrocesses  of  transudation,  diffusion,  and  ahaorption  of  the  economy ;  a]i<t 
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^»rwE^jpefliÄp»  regard  epitlieliura  as  tbe  regulator  of  those  proteases 
gpfend  over  the  parts  wheire  they  take  plnce. 

Ai  ft  purely  cellular  tissue  untravei-sed  hy  blood-vessels,  eplthdium 
pre^fiU  to  vls  many  sides  of  ecU-lilb  in  the  most  beautiful  manner^  euch 
&»  muHi plication,  growth,  and  change  of  form.  That  the  whole  vegetation 
of  tlie  epithelial  cells  is  dependent  upon  tlie  vessels  of  their  eonoe^tive- 
tissue  substrata  is  easy  to  conceive,  thoiigh  we  »meet  with  epithclia  on 
non-vascuiar  portions  of  the  body,  as  for  instance  on  the  eomcti  and 
capsule  of  the  leniw  But  of  the  direction  of  tlie  interchange  uf  matter 
in  our  tissue  wo  know  notlnng,  either  of  that  in  ordinary  opiLhöIiumj  or 
the  modified  forms  of  it^  where  in  the  interior  of  the  celts  a  formation 
of  melanin  and  other  pigments  takes  place.  That  this  alteration  of 
material  in  laminated  epithelium  is  only  undertaken  with  any  degree  ot 
energy  by  the  younger  cells  which  still  poaseös  soft  contents^  is  more- 
over not  difficult  to  understand.  It  is  also  prtibahle^  on  the  olhvT  handj 
that  this  interchange  of  material  has  ceased  entirely  in  the  more  Buperfi- 
cial  scales  of  laminated  epithelia  which  bare  undergone  horny  metamor- 
phosis :  in  these  also  decompoeition  commences  rery  late. 

Then  the  cylinder  epitheHal  oelL^  of  the  email  intestine  are  made  the 
media  for  nmch  transfer  of  uiaiter,  itnd  moreover,  not  in  their  own 
egotistical  interest,  and  for  their  own  si>ecial  aupport :  through  theia, 
namely,  the  ahporption  of  fate  with  tlie  other  constituents  of  the  chyle 
takes  pliu:e.  Here  again  we  are  reminded  of  many  kinds  of  gland- 
cells. 

Attention  has  likewise  been  directed  within  the  last  few  years  to  th« 
penetration  into  the  interior  of  epithelial  cells  of  minute  coloured  pap^ 
ticlej*,  which  had  been  intrffdnced  into  tbe  circulation  of  the  lymph 
and  blood,  and,  indeed,  of  red  hJood-cnipusrles  also  (I),  These  we  may 
observ^e  in  the  goblet-etdls  i>f  the  «mall  intestine  and  in  ciliated  cells. 

We  are  obliged  for  the  present  to  explain  the  fact  of  the  occurrence  of 
mucous  and  pua  cor[iiisclen,  m  well  aa  of  contractile  elements,  in  the 
interior  of  cylinder  and  fiavement  epithelium  (%.  151)  In  fche  same  manner 
(§  56),  It  is  manifest  that  a  |>enetration  of  small  bodies  into  open 
gohlet-cftUs  might  take  place  without 
difficulty.  But,  besides,  we  tind  these 
lymphoid  -  cells  within  the  epithelial 
«tratum,  between  the  columnar  ele- 
ments of  the  intestine,  engaged  in  mi- 
grating  from  the  connective-tissue  of 
tbe  mucous  nieinbrane  into  the  lumen 
of  th**  tuhe^ 

Kpithelium  may,  in  general,  be  set 
dowii  as  a  ti^ue  capable  of  under- 
going  no  further  development.  No 
doubt  from  the  earliest  rudiment?!,  from 
the  eelh  of  the  corneous  and  inti'slimd 
gknduiar  layer,  many  other  tissues, 
and  some  of  them  of  high  dignity, 
take  thfir  origin  in  the  coHstruction 
of  th«  embryonic  body,  as  we  shall  see  in  some  of  the  Eucceoding  chapters. 
ISut  n<»t  BO  in  the  mature  body :  its  epithelial  eel) a  are  only  able  to 
||% pcxKiuce  similar  stnictures,  and  not  otiier  elements,  such  as,  for  instance, 
^tit-cdla  or  connective- tissue  corpuscles. 
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The  deslnicfcion  of  epithelial  celU  ia  hrought  about,  first,  by  eolutioii, 
neoctly,  by  mechanical  attrition.  This  naturally  deprives  the  system 
daily  of  a  certain  quantity  uf  albuminoid  matters,  though  in  an  altered 
condition, 

B£MA1%KS.— The  question  as  to  a  connection  between  cpithelis!  cells  &nd  tbe  ele- 
ments of  cQimectivfi  substiLQcfra  aod  of  nerve-ttaauef  mujit  be  discuitsed  In  a  futurf 
leetion. — ].  I  h&ve  coavlnced  mj&elf  of  the  presence  of  granules  of  cinnal^ftr  in  the 
eylindtir  c^lls  of  iv  frog's  mtcstine,  thr^e  day$  after  their  tojection  into  the  cLrcnJa^ 

§96, 

Owing  to  their  composition  decaying  epithelia  are  of  the  greatest  im- 
portance in  the  formation  of  inucits.  The  conaideration  of  these  tissues 
must,  therefore^  extend  itself  over  ttuida  likewise* 

We  nudereland  by  mucue  a  coating  of  a  rather  thick  semiUaid  sitV 
stance,  more  or  less  stringy  and  tenacious,  which  covers  the  surfaces  of 
all  mucous  membranes  in  varying  quantity,  and  endows  the  latter  with 
tlieir  usual  molstness  and  smoothness.  It  must  also  be  regarded,  owing 
lo  its  coasii^tence^  as  well  fitted  to  form  a  protecting  medium  againat 
chemical  action,  and  it  is  probably  not  indilferent,  besides,  to  the  inter- 
i' hange  of  gases. 

Mucus  ia  \^itliout  odour  and  tasteless,  and  varifible  in  its  reactions»  It 
is  found  süraetime.^  transparent,  eometimes  more  opaque,  white  or  yeJlownsh. 
Microscopical  examitiation  disci osea  to  U8  in  it  the  cast  olf  epithelial  and 
glaud-cells  (^f  the  locality  in  which  it  ia  forniecl,  but  in  variable  number ; 
and  besides  these  a  small  cell,  the  so-called  mueus^^rpttscief  whose  appear- 
anf;e,  size,  and  bearing  repeats  the  colourleas  blood-cell  completely,  as  well 
aa  the  elenieuta  of  chyle  and  lymph,  and  whose  origin,  as  far  us  is  at  pre- 
sent known,  may  be  very  various.  It  may  spring  not  only  from  epithelial 
celh,  but  al.so  from  those  of  connective  tissue  and  lymphatic  organs^.  To 
the^e  are  added  the  cells  of  the  glandular  formation  of  the  part  from 
which  tliQ  liquid  m  obtained.  Again,  owing  to  its  viscidity,  mucus 
entangles  usuaUy  a  number  of  very  minute  air-bubbles.  From  all  this  it 
would  appear  that  mucus  is  a  moat  variable  substance.  From  an  ana^ 
tomical  point  of  view  it  is  only  a  mixture  of  many  dissimilar  roaltera,  and 
amongst  others  of  various  gland  juices,  which  endow  it  furthet  with 
chemical  diiferences,  as  an  expr<^ssion  of  which  we  recognise  the  mulli- 
fariouw  fermenting  properties  of  the  several  kinds  of  mucus. 

Chemical  anaybis  discloses  as  a  solid  constituent  a  peculiar  subitanctj 
already  mentioned  (§  14)  known  as  mucin.     Besides  this  we  find  extifto- 
tive  matters,  fats,  and  mineral  constituents. 

Among  the  latter  chlorine^  phosphoric,  sulphuric^  and  carbonic  acitl, 
silicates,  lime,  and  soda  &re  said  to  exist  in  mucus.  The  following 
table  from  Nasse  may  be  taken  as  an  example  of  its  quantitative  compose 
tion.  By  subjecting  hunmn  mucus,  which  had  been  coughed  up,  ta 
analysis^  he  obtained  the  following  results : — 


Water,     ..... 
Solid  constituents,    , 

Mucin  (and  a  trace  of  albumen), 
Extractive  matters,   , 
Fats,       .        ,        .        .        . 
Mineral  constituents^ 


955 '63 
44  48 


2375 
9-33 
2-89 
8  02 
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Of  aU  tlies©  components  nuiciii  alone  roquites  fortli^ir  eoiiBidomtion* 

It  appmra  in  mucus  under  two  forms ;  m  m\  insoluble  suhötauco,  mo  rely 

^  g^iatiiiising  in  water,  and  \y\ikh  retnflins  belmnl  on  a  iilter;  and  mn 

colubia  matter  which  may  be  lilictöd.     Now,  in  that  the  reactions  of  both 

\mm  tbß  «une,  wo  are  warmnted  in  supposing  that  mucin  iJi  a  puro  state 

}  is  iusoluble,  and  has  probably  acquired  its  solubihty  by  uihuiKture  with 

!>  other  compounds,  especiaJly  alknlic«, — an  hypolhcisis  which  appears  to 

[  receive  further  support  from  its  paralleliein  with  mauy  protein  niattew  ill 

Ihia  respect 

Synovia  also  reminds  us  of  mucus  {FraHths),     W©  meet  it  as  a  cleati 

colourieas,  or  straw-coloured  fluid  of  slimy  consistence  and  alkaline  m- 

Bction,  in  which  the  microscope  reveals  to  us  the  epithehal  cells  of  the 

,  eipsule  of  the  joint,  which  have  been  shed^  m  wtsH  as  lymphoid  cor- 

^pnssct*»^.     The  use  of  this  liquid  i^,  as  is  well  known,  to  ryU\in  the  parts 

into  the   forniatiou   of    th©  joint  in  a  moist  and  slippery 

Synovia,  strajigely  enough,  has  farther  tiio  same  conslituonts  aa  mucus, 
in  add i I  ion  to  whicii  albunani  is  also  preaent  Of  salts  we  lind,  chlüride 
of  fiotlimn,  basic  phopphati*»  of  the  alkalies,  sulphates  of  the  alkalies,  phos- 
phatic  earths,  and  carbonate  of  calcium. 

The  two  foOowing  analyses  of  Ft'erichi  may  serve  as  an  example  of  iti 
composition  per  cent  The  first  applies  to  the  synovia  of  an  i>x  fed  in 
the  stullj  while  the  second  is  that  of  one  in  pasture  :■ — 


Water,  ...        * 

Sohd  constituent«, 

Äfucus  with  epithalium, 
Albumen  and  extractives, 

Fats, 

Salts,    .         .  ,         , 

kocording  to  this,  it  would  appear  as  though  the  friction  of  the  surfaces 
"tie  joints  induced  by  exercise  were  of  importance  in  the  formation  of 
synovia,  for  we  ihid  it  during  inactivity^  watery,  less  viscid,  and  poorer  In 
mucin.  At  the  same  time,  howe%^er,  its  quantity  is  far  more  consider* 
itble.      Again,  on  energetic  bodily  exertion  the  quantity  of  this  fluid 

pdecreasei  eotisidembly,  an<l   tlte  amount  of  niucin   increases,  with  its 
pilinasa  or  thickness.     The  contents  of  bumo  and  the  sheaths  of  ten* 

[Sons  appciar,  also,  accord injj  to  Virchotc^  to  be  allied  to  synovia  in  com- 

t  position. 

Kow,  as  to  tlio  fonnation  of  mucus  Jiiid  tlie  origin  of  niucin  parti- 
cularly, the  older  views,  which  referred  Ijoth  exclusively  to  the  secretion 
of  special  gland nlar  organs,  the  so-called  mucous  glands,  can  no  longer 
obtain,  in  that  the  proportion  of  the  fluid  stands  in  no  relation  to  the 
frequency  or  rarity  of  those  glands ;  and  in  thnt  synovial  capsules,  which 
have  none  of  the  latter,  nevertheless  secrete  mucus.  Epilliolial  cells, 
however,  api>enr  to  stand  in  close  relalion  to  the  origin  of  mucin,  beBido 
which  the  elements  of  the  glamls  themselves,  without  doubt,  play  a  port 
in  the  formation  of  mucus.  There  seems,  indeed,  much  probability  in 
the  Auppoaition,  that  an  alkaline  fluid  transuding  through  the  capillaries 

I  of  Mucaiü  tnembriines  macerates  the  cast-otT  cells,  aided  by  the  naluml 
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wttnnth.  of  the  body,  and  thus  traiiBfortiis  tljeii-  conteot«  into  mocin 
{Sirmm,  Freri^fa).  If  this  mode  of  explaiiiifig  its  origin  he  corröct,  mucin 
must  represent  in  numerous  cases  a  physioltjgical  transformation  product 
of  epithelial  tissue. 

To  what  extent  epithelial  cells  are  endowed  with  the  property  of  %ital 
contnwitility,  when  young  and  still  soft,  we  are  for  the  present  unable  to 
etate.  But  a  moat  rcmarkal  Je  rDovenient  is  met  with  on  the  other  hand 
in  ciliated  epitheliji,  which  has  been  named  ciliary  motion  (Mofu^  vil/rfi^ 
(a  tit»).  This  phenoineuon^  known  from  the  earÜeat  epochs  of  niicFOseopio' 
research  J  has  been  recently  very  closely  studied^  hut  unfortunately  with 
but  small  results.  For  although  it«  wide  distribution  throughout  tJie 
animal  kin^^dom  haä  been  redognised,  and  ciliary  motion  not  long  since 
observed  in  low  vegetable  orj^aniama,  we  are  still  completely  in  the  dark 
aa  to  its  mechanism  and  object  The  elucidatiou  of  points  of  this  kind 
regartling  it  are  rendered  thus  diRicuU  by  the  fact,  that  tlie  pheaomenon 
of  ciliary  molLün  is  met  with  in  very  varied  extent  throughout  the  aulmal 
kingdom^  parts  which  are  ciliated  in  one  class  being  no  longer  st)  m 
another  group  ;  thuf>  for  instiince,  none  of  these  cells  can  be  found  among 
any  of  the  arthropod  a. 

C diary  motion,  a  sirunltaneous  and  regular  swinging  of  all  the  minute 
hairs^  appears,  as  seen  on  the  edge  of  a  fold  of  membrane^  somewhat 
like  to  the  undulation  of  a  shaken  cloth,  or  the  flickering  of  a  candle 
flame.  Seen  from  above  it  frequently  reminds  us  of  the  waving  of  a 
field  of  corn  moved  by  the  wind,  or  when  it  takes  place  in  a  tül>e  of 
extreme  fineness,  of  the  cujrent  of  a  brook  in  the  sun  light  All  the^ 
comparisons,  however,  are  perhaps  hanlly  adequate  to  expres?  the  pecu* 
tiarity  of  the  appearance. 

Small  particleg  suspended  in  water — aa,  for  instance,  blood-corpusclea 
and  pigmentary  granules — are  driven  along  by  the  movements  of  the  cilia 
at  the  edge  of  a  membrane  possi^sing  them  in  one  definite  direction^  and 
apparently  with  great  mpidity  when  the  action  is  energetic,  and  the 
magnifying  pow«r  great.  In  reality ^  however,  this  rapidity  is  much  leas 
than  it  seems,  but  still  by  no  means  inconsiderable,  for  an  interval  of  &Q 
iuch  may  he  traversed  hj  one  of  these  particles  in  a  few  minute*  Even 
a  ebred  of  a  ciliated  stratum  of  celb  may  be  driven  along  by  the  motion  of 
iU  own  particular  cilia^  if  it  be  not  altogether  too  large,  while  a  smaller 
piece,  or  emgle  detached  cell,  may  whirl  itself  through  the  water  in 
a  lively  manner,  simulating  in  a  most  deceptive  way  the  motions  of  the 
infusoria. 

However,  in  a  fresh  state,  and  when  tlie  cilia  am  endued  with  great 
vital  energji  the  motions  of  the  hairs  fallow  so  rapidly  in  succession,  that 
the  latter  are  not  seen,  nor  can  the  phenomenon  bu  recognised  as  a  rule. 
Several  vibrations  are  usually  observed  to  take  place  in  the  course  of  a 
single  second. 

For  the  closer  examination  of  the  phenomenon  that  moment  is  most 
suitable  at  w^hich  the  movement  of  the  cilia  has  become  slower  and 
weaker,  owing  to  the  approaching  death  of  the  cells,  and  when  each 
individual  little  hair  may  be  observed  for  itself.  The  mode  in  which  it 
is  carritHl  out  is  not  always  the  same,  so  that  the  motion  has  been  clasaified 
into  four  varieties  {Purkinje  and  Videntm)^  namely,  into  (1),  tite  hmk* 
'Ukß  (hakenförmige) ,  in  which  each  cilium  makes  the  movement   of  a 
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finger  whit-h  h  alternal-ely  l>ent  ftird  extended  ;  (2),  the  fumei-shaped 
ftriehterforrnigp),  in  wliich  the  upper  portion  of  the  half  descriln^sa  eirclü 
til  6 winging,  and  the  whob  a  crtfie^  wlmse  apex  U  foroiwl  by  th«  lirndy 
itUichcd  base  of  the  cilium  ;  (3)^  the  fWi'/7/ri //«//,  in  which  the  whole  hair 
aways  more  like  a  pendulum  frotn  side  to  side  ;  ami  (4),  the  nndulathtfj. 
Itt  thia  the  hair  exeetiteä  ii  movenient  like  the  lash  of  a  wliip  modetAtely 
wieiiled,  fir  the  tail  of  a  sperrnatozioria.  Of  all  those  farms  of  ciliary 
motion  th«  first  appeans  t-o  be  by  far  the  mo-Ht  frequent  (2). 

This  niovetnent  appears  quite  independent  of  the  eircuhktory  and 
nervoua  systems.  Bestruction  of  the  latter  ov  interruptiiai  of  the  stream 
of  blo^xi  causes  no  ces-ation  of  its  activity.  The  cilia,  aliw>,  of  detached 
cells  pen^iBt  in  their  oscillatitm  still,  as  we  liave  already  remarked. 
Should  thf^y^  however,  heeotne  &ejmrated  from  their  cells  they  cease  to 
manifest  ^italit}*,  and  soon  disappear  completely  in  the  water  surrounding 
Uiem,  Ciliary  motion,  farther,  is  of  longer  duration  than  the  life  of  the 
animal,  but  with  extruortHuary  differences.  Sometimes  it  only  lauta  a 
short  time,  especially  among  birds,  and  also  mammals,  where  it  continues 
about  until  the  cooling  of  the  corpse»  wbilat  among  cold-blooded  anirnak 
it  may  be  observed  for  days  (3). 

E-  Elevation  of  temperature  increasea  the  energy  of  this  movement»  until 
fcally  at  from  44^  to  45"  C,  coagulation  commences.  On  the  other  hand, 
fold  has  a  retarding  and  hnally  destructive  intluence,  while  agents  which 
do  not  act  chemically  do  not  disturb  it  in  the  least*  Thus  it  continues 
imimpefled  in  serum,  milk^  ant]  also  in  urine.  Water  accelerates  ciliary 
motion  at  hrat,  hut  subsequently  puts  an  end  to  it  nipidly,  owing  to  its 
ictton  tm  the  very  delicat«  cell  The  addition  of  bile  proiltices  an  injurious 
pBcct  on  it  al^i,  while  thcit  of  alkalies^  acids,  akahol,  and  such  lute,  put 
mn  end  to  it  for  ever.  A  very  interesting  discovery  w^aa  made  not  long 
since  by  Vtrehou^  that  ciliary  motion  which  has  come  to  a  state  of 
rest  under  normal  conditions  may  be  again  excited  by  the  application 
of  dilute  solutions  of  soda  and  potash  (4)*  The  influence  of  gases  oil 
the  phenomenon  hu«  uIho  been  lately  investigated  by  Kilhno,  It  appears 
that  bke  protoplasmic  contmctility,  to  which  they  are  akin,  the  motions  of 
the  cilia  require  oxygen  for  their  support,  and  tliat  hydrogen  causes  them 
to  cease.  They  may  bß  again  set  ^oing  by  the  introduction  of  a  stream 
of  oxygen  into  the  nieflium  in  w^hich  the  celL^  are  immersed*  Acidulatioii 
also  VPith  carbonic  acid  has  a  retarding  influencß  on  tlie  ciliary  motion, 
countoracted  again  by  alkaline  vapour^^  The  retaiding  eJIticts  of  alkaline 
vapours  can  also  bt;  met  by  acid  ones. 

There  seems  to  be  an  inclination  to  bring  this  ciliary  motion  physiolo- 
gically to  bear  upon  the  tmnsport  of  small  bodies,  and  to  Bscribo  to  it,  for 
instance,  the  ]>ower  of  forwarding  mucxis  from  the  nose  and  lungs,  and 
the  ovum  from  the  ovary  into  the  uterus.  But  these  are  surely  only 
incidental  objects  of  ciliary  motion,  which  receive  their  j^imi  value  when 
we  take  into  consideration  the  fact  that  coatings  of  ciliary  cells  occur  in 
completely  eloaed  c^ivttiea.  That  the  little  hairdike  appendages  may 
effect  a  change  of  locality  of  the  whole  body,  however,  of  lower  organisms, 
or  induce  a  motion  in  the  water  in  contact  with  the  surface  of  the  latter, 
or,  finally,  a  rotation  of  alimentary  matters  in  tht'ir  digestive  tract,  «&c,, 
is  beyond  doubt. 

EEWAnic^ — l^  Th«  diäc<(very  of  ciliary  motion  appcan  to  have  been  niMle  by 
A,  de  iieifd^^  in  the  yi»r  IftSS  ;  and  the  Dutch  Coryphfl2i  of  rorra(*r  day»  wer«  also 
«cv|üt]ntt;d  with  it     But  the  most  iiccuratp  studies,  dating  frtjm  183Ö,  ia  whii.h  ttiis 
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«ttbject  was  firat  treftted  with  effect,  vet*  mwäe  by  Fitrkinj4  Mid  V'&leniim,  camp. 
X^^^lani0m«n«  ga^erali  it  fundarnrnttiii  moitm  vihratf/rii  &mti%mi  in  memhfm^iA  «rw 
««fentiitt  tum  inlttTiwiiwim/i/rr/FTi  pliiriwüntm  H  MUpiri&rum  «£  iiißHimim  «f^lAwn 
O&iTtf  «wnmtR^.  jjA^vj.  FraÜAlamtz^  IHM.^±  According  to  ^/ifj^fmam»**  fmring 
öb*erv*tion.%  this  swinging  of  th*?t: ilia  dejwinb  apontwomotioas  of  un*N|ijanajgtIl," 
upon  a  longer  one  prodnceil  by  the  contmetility  of  the  protoplasm,  nn*!  a  shorter  CWie 
caused  by  eJaatic  Pe«istAnce.  Currents  of  fluU  piiJBsitig  over  cLliatetl  Mirfacc*  do  M  ill 
the  direction  of  Um  lost  of  these,  in  whi  :h  hIm  tb©  cilia  ittlfifu  after  d«*tli»— *, 
Under  certain  drcnmst an ces,  difficult  to  explain.  theciliaTyrootioninay  prmst  far  one 
or  two  days  after  tb«  deatb  of  a  mammalian  animal. — i.  M  £w£fi^liaa  t 
the  $ame  p^cttUarity  i»  dispkjed  by  tb«  spermatozoa. 


$98. 

Kow,  m  to  the  migin  of  epithelium  in  the  embryo,  we  must  enter  bere 
at  aoTne%vbat  greater  length  npod  the  conaidemtfün  of  the  relatioiLS  of 
purti  briefly  touched  on  already  at  |  8G,  in  order  to  obtain  a  clear  <x»n- 
ception  of  its  development 

As  we  have  already  seen,  the  rudimentary  embryonic  boily  according 
to  Memak  (1.)  coniiats  of  three  layers  of  cells,  of  the  so-called  kares  or 
germinal  plates.  These  are  known  as  the  superior  or  the  comeotu,  the  I'n- 
iermediate  or  middle  genninal,  and  the  inferior  o?  intestinal  gland ttlar 
leaf  or  pkte.  From  these  the  various  tissues  and  organs  of  the  body  take 
their  rise. 

The  eorneoui  plate  produces,  first  of  all,  the  epithelium,  with  the  nails 
and  hair  vvhicli  are  closely  allied  to  it,  and  beside  these  the  crystanine 
len^i  a  decidedly  epithelbl  organ.  The  cellular  elements,  likewise,  of  the 
vatioua  glanda  of  the  skin,  together  with  those  of  the  mammary  and 
lachrymal  organs,  take  their  origin  from  the  iame  layer.  Finally,  th« 
axial  portion  of  the  corneous  plate  enters  into  the  construction  of  lh# 
nervous  centres  (brain  and  spinal  cord)  as  weU  as  the  internal  portions  of 
the  higher  organs  of  sense.  That  the  peripheral  nerves  also  originate  in 
the  axial  part  of  the  corneous  plate  primarily,  is  at  least  probable.  (%} 
The  stgnihcance,  consequently,  of  the  corneous  plate  is  very  great,  pHyiao- 
logically  the  highest  in  the  body. 

Thus  a  large  part  of  the  epithelium  described  in  former  sections,  thr 
epidermis,  includiog  those  layers  of  cells  which  clothe  the  openingiof  the 
larger  pasaägtiS  of  the  body,  takes  origin  from  this  source,  and  appears  as 
laminated  epithelium,  with  a  horny  substance  devoid  of  vitality,  'llie 
pigmentary  pavement  epithelium  also,  of  the  f»ye,  together  with  the 
internal  coating  of  the  cavities  of  the  nervous  system,  are  also  derived 
from  this  superior  plate. 

The  second,  or  infeMinal-glundular  plate,  supplies  the  epithel ia  of  the 
digestive  apparatus,  as  well  as  the  cellujar  constituents  of  all  the  glmnds 
in  connection  with  the  latter,  includins  t^^®  hings,  liver,  and  |iancrefls. 
Its  epithelijJ  formations  appear  principally  in  the  form  of  the  cj'lindrr- 
cell,  either  naked  or  ciliated. 

We  mus^t  now  fin&Uy  devote  a  few  moments  to  the  middle  germifud 
plate,  and  inquire  after  its  contributions  to  the  epithel ia.  This  middle 
stratum  üf  the  rudimentary  embryos  supplies  material  for  a  ^^reat  many 
structures.  First  of  all,  for  the  formation  of  all  the  tissues  of  support  in 
the  system,  the  whole  gt^Dup  of  connective  substance«;  for  the  building  up 
of  muscle  ;  for  the  blood  and  lyir»ph,  together  with  the  so  complicated 
system  of  vessels  which  contains  both  ;  and  finally,  for  the  so-callotl 
lymph  or  blood^genemting  glandi   (including  the  spleen).      The  cutis 
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liiimg  the  v^satils  of  the  dürtiiis,  with  the  conuetitivo  tissues 
of  muooüs  metiibmiie  miil  tnio  ^^lands^  take  their  rim  from  llii»  source. 

It  is  evident  tlidt  the  changes  must  be  very  gmiit  in  the  middle  lay  or 
which  jirmluce  from  it  such  atructurea* 

Xu  mmiy  of  these  changes  we  hIülÜ  have  to  refer  agwiii  in  subsequent 
jiag^,  but  for  the  present  our  attention  must  ha  |jrmcj[mlly  dtrt'Clwd  lo 
the  fonnfltion  of  numerous  cavities  iu  the  mtddk  pkt^  appearing  in  th^ 
counie  of  its  development.  Thna  it  is  tliat  tlie  s^erous  sacs  originate,  as  a]sa 
Ihs  hurem  and  sheaths  of  tendons«  Thus  is  formed  the  most  intricate 
of  ftU  systems  of  caiials,  namelyi  that  of  the  hJood  and  lymphatics. 
Togvtlier  with  this  formation  of  cavities,  also,  we  must  expect  besides 
io  find  a  whole  scries  of  epithelial  coatings  springing  up. 

The  latter  have  much  about  them  that  is  i>e€uliar.  If  we  except  the 
motv  cireumscribed  laminations  as  they  api^iear  in  synovial  membranes, 
thi\v  Almost  always  consist  of  a  single  layer  of  thin  fiat  scales  (§  87)  with- 
out the  transient  nature  of  the  two  other  forma  of  epithelium*  Further,  as 
oliservation  of  the  circulatory  system  teaches,  such  an  epithelial  tunic 
iHÄV  acquine  sufficient  strength  by  cohesion  of  its  cells^as  to  tit  it  to  form 
the  chief  part  of  the  finer  and  more  minute  Canada  of  tlio  former.  But 
these  epithelia  of  the  interniediate  germinal  plate  do  not  possess  the  power 
of  yielding  in  continuous  transition  the  seci-eting  eidls  of  glands^  nur  are 
they  able  to  dcvelope  any  physiologicnl  function  «iraikr  to  glandular 
»ctivity*  On  the  other  hand,  they  are  remarkable  for  the  great  ease  with 
whiah  the  fluids  of  the  blood  transudo  through  tliem,  which  is  far  from 


®^ 


4, 


ilia  «I  ri-n  nf  ri'Ui  of  iTip  ppi* 

rwtttr  - ;.   t,  tnnnpflrent  mein« 


Vlitr  153  — F]pli'i|i>mi1iM  ftoiTi  tbv^  nf^l^hhfinthonA  mi 

If  epIderiaAl  c^fHa  ot  ihc  mnvt  «iipcrfli-ltiil  lajef; 

lliennii  C  cu(l«:9«  tmm  the  ttve  eäg^nt  Ovs 
vyvUd. 


I  ike  ease  with  the  epithelial  striiotnres  of  the  corneous  layer.     If  we 

«iMS^irirect  for  auothi^r  contrast,  it  is  to  be  found  in  the  non vascularity 
Off  the  sabjttCent  tissne  of  this  last  species  of  ©pithelium  compared  to 
the  great  vascularity  of  the  other  two  kinda 

Tliis  intermediate  species  has  been  termed  faUß  tfpiiheHutfit  or  «klo- 
iheiium^  by  Hit. 

An  regaids  the  epithelium  of  the  corneous  layer^  Kotliiker  found  the 
«pitlermis  in  the  human  embryo  of  five  wi?eks  ohl  ttt  consist  already 
of  two  laminae  of  nucleated  cells :  a  superficial,  made  up  of  delicately- 
#cig^  |>olyhedml  elements  of  Q'0275-0'0451  mm.^  with  rouml  nuclei, 
mttflliing  0'O0Q0-0*O135  mm.  ;  and  a  deeper  layer,  in  which  the  cells 
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were  smaller,  about  0-0068-0*0090  mnL  in  dimtieter,  with  nuclei  of  only 
0'003 4— 0*0045  ihttl  Froni  tliis  we  see  that  the  epidermiäj  properly  m 
eftUed,  and  the  rat^  Malpighii,  are  eAch  formed  originallj  of  one  Jayer 
of  cells.  Later  on  in  tho  fourth  month  these  are  filightly  laminatefl, 
the  whole  epidermis  consisting  of  three  or  four  strata  (fig,  152,  a  b), 
Frnm  this  on  thtj  lamination  becomes  stronger  by  degrees.  Let  us  take^ 
for  example^  the  epidermis  of  a  f<fital  sheep  4  inches  long  {Hg.  153). 
This  consists  of  six  or  seTcn  layers  of  colb  (Hg.  153)^  of  which  the 
moat  superior  (a)  nre  trartsparent,  and  meaaure  O'0 156-0  <i  206  mm.^  with 
nuclei  0i}052-0  n0(;6  mm.,  whilst  the  deeper  {b)  are  only  0 '01 04-0  01 24, 
the  JlUelei  preserving  the  same  dimensions  as  in  the  more  superliciml 
laminie,  lu  the  *^uperfic!ial  strata  are  found  scattered  cells  with  a  douhl»^ 
nucleus  (tig,  15S,  1),  and  division  of  the  latter  may  bo  remarked  at  times 
in  rliose  lying  deeper  (2).  The  epithelium  on  the  free  edge  of  the  eye- 
lid shows  in  tliis  embryo  hut  two  layers  of  cells  (4).  I  have  found  thtj 
epithelium  of  the  eomea  also  in  a  human  fa?tus  four  months  old  0'0205' 
mm.  thick,  and  consisting  of  two  upper  and  two  lower  layers  of 
cells. 

With  the  further  growth  of  the  fijctal  body,  tliO  thickness  of  the  epi* 
dermis  and  the  number  of  its  himinm  increa&e  more  and  more,  and  the 
most  superficial  of  tho  latter  already  Teaemhle  the  scaly  non-nucleated 
Btriictures  of  later  years,  before  the  cloe©  of  the  second  half  of  intrft- 
utemie  life. 

Desquamation  of  the  cuticle  commencing  in  embryonic  life»  pToduocMi 
upon  tbe   body  of  the  child  a  coating  of  a  greasy  whitish  suhstanc%l 
intorraingled  with  fat^  known  as  the  vernix  catieimij  in  which  the  raicfo- 
ficope  IV!  veals  to  lis  the  scaled  ike  i^pidermal  celU 

The  cpithelia,  tUso,  of  tho  intestinal  glandular  plate  likewise  evince  at 
ail  early  period  a  disposition  to  assume  their  characteristic  forms,     Tlj© 
increase  of  the  superlieial  extent  of  these  coverings  necessitates  hkewisfti 
multiplication  of  the  cells  by  division. 

That  the  c^ndothelia  also  make  an  early  appisarance  has  heen  already  1 
observed  above,  where  wc  have  a  bo  considered  the  cells  from  which  theyj 
take  their  rise. 

ItKHiiaKi. — 1.  Comp,  the  Wüfk  on  embryology  of  Ihifi  investigator. — 2.  hi  a  re- 
cent work  Ilm  points  oiit  tliAt  from  ti  «a{>eriur  genuinal  plute  the  nervotia  sjstem» 
auimul  mutclcit,  Wottiiiin  liodii^a  (t)ie  kidneys  and  semal  glands),  take  their  nm 
tugi^thcr  with  tho  «^^udiiiinftl  structures  and  celU  of  external  gktida.  A  subs««  ] 
*|tieiitly  form  cd  iiiftrior  plate  given  origin  to  the  flyrapathetic  aystenip  unstriped 
moscles,  epithelis^  und  glands  ot  the  mucous  nifmbranea.  These  two  plates  cod- 
stitat«  hta  ** arehi&hnsL"  Hctweeit  them  the  ^*paraMaai**  m  then  ins«rU^ii,  from 
wiiicli  couuective  ti^ue  and  blood  are  formed.  For  the  pr^saat  we  prefi^r  adhering 
to  EtmaJc's  viewa. 


like  the  epidermis  and  the  hair,  to  he  considered  farther  on,  tins  fi^itlf  j 
have  long  hcen  placed  hy  anatoniists  among  the  horny  lissue,<i.  And» 
indeed^  they  represynt  nothing  more  than  a  peculiarly  modified  cuticle 
for  the  part  of  tbe  akin  lying  untlemeatk  But  tlie  li-uufifortnAtion 
proves  to  bo  less  on  luicroscepic  invt^stigation  tlian  wo  might  havo 
eatpected  from  tl*ö  physical  constitution  of  the  tissue. 

The  nail  ii^  a  hartl,  flat  and  arched  body  of  rounded  quadrangul&r 
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shapd.      It  is  more  strongly  doubled  down  at    the  sides   than    in  the 
middle;  and  at  the  anterior  free  edge  m  thicker  than  p:i8teriorly. 


Fl|f.  1154,— Ni*11  «nit  irv«tTl]t  (n  rritiisvffw  s^^Uon.  tK  tti*  m*tri«  »Jth  ttifl 
Hdjf«  ot  \h&  tHtir-:  tf,  fttilf  (H^r^un  at  th«  Amr^e^  foniilnf  the  itiQuvs  of 
tijo  HftJJ;  <%  T^tv  Mttiptffhii  i  #,  hoiiiy  byiTi;  ä,  ret*  JUalpljeliil  of  t\w  niill, 

the  tialL 

Of  l3ie  edges  only  the  anterior  ia  exposed,  while  the  lateral  ones  are 
csoneealed  in  a  fold  of  the  skin  (fig.  li>4,  b)  which  conimentreH  at  the 
point  of  the  finger  a»  a  flat  groove,  and  become»  tleeper  and  deeper 
behind.  The  posterior  portion  of  the  nail  finally  dif?appe^iTi?  in  a  very 
deep  furrow  of  about  4*5  mm.  in  depth  (fig.  154,  a  Jeft).  in  which  u  con- 
sidersble  proportion  of  the  whole  nail  is  cüntained,  knowii  tm  the  **root'* 
(fig.  155,  /),  whiJe  the  lateral  grooves  have  received  the  name  of  "the 
f0ld,'*and  tlie  portion  of  skin  coDcealed  by  tlie  nailj  that  of  *'the  matrix" 
(fig.  154,  rt;  155,  a). 


flu.  iMk^-Kid  and  lunhli  divided  vtrtScAlly  «ltd  Iqnifltodljiaüy*  a,  »he  mBtiix.  fnnnStiir  At  llie  Utt 
bmui  ildis  lilt  tliTF'p  f"M  fifr  tiir  mot,  t-,.  *,  tJip  homy  part  of  hbü;  m,  iti  ftfiterloT  free  i  d^rci ;  /  ifil- 
liltiitll  Uvvt  nn  thi-  jKjJnt  of  fh*  flnprtTj  j?,  iin  ii;n»lnafliin  townrd»  the  r.»ll;  6,  D*f?  Maffighii  ot  the 
tmnt.        '  '  '"n't  OiAl  uf  rtie  hflll  at  c,  jmd  of  th<?  fold  of  ilrt;  nail  and  root  Al  «if:  whUis  at  «,  ir  b 

«QOtiT  iif  of  I  he  doritMTii  nf  I  lie  flnBi'jf ;  h,  ejiidti  Ttml  byer  on  thii  flfir>.Biii  »f  H'f  Uittr:  i, 

The  nail,  whieh  determines,  ronghly  taken,  the  form  of  the  matrix  in 

eouj unction  with  the  lateral  fold,  U  »o  olosely  adherent  to  tho  first  of 
these  that,  like  the  rete  Mtilphjhii  on  other  parts  of  the  fibroas  tissue  of 
the  CO  lis,  it  tan  only  lie  separated  from  it  by  maceration  or  boiling. 

If  we  examine  the  surface  of  a  matrix  so  exposed ,  we  find  it  marked 
by  a  nnmber  of  Jotigitutlinfll  ridges.  These,  as  Ilenh  has  demon- 
stmted,  commence  at  the  posterior  bonier  of  the  matrix  as  from 
one  poll?,  and,  in  the  middle  portion^j  poj;»  directly  forwards  to  the 
anterior  edge,  while  tit  the  sides  they  maintain  a  conrse  convex  exter* 
naUy«  Un  these  ridges  are  situated,  more  or  lees  isolated,  the  papillse  of 
the  cutis.  Fig,  154,  d^  represents  the  former,  of  which  from  50  to  90 
may  l>e  reckoned  on  one  matrix.  They  are  arranged  mueh  ctoi^r  to- 
gether (inder  the  root  of  the  nail  than  elsewhere,  but  are,  at  the  Bamu 
time,  much  less  elevated  there.     Both  parts  of  the  matrix  are  usually 
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sharply  «lefined  one  agfiinat  the  other  by  &  curved  Vme,  which  is  visible 
through  the  nail  as  the  otlge  of  the  ao-CAlled  lunula. 

Now,  as  we  have  already  remarked,  the  rete  Malpighit  dips  down  with 
jaggod  projc^ctiuns  iato  the  int^!rvab  between  the  ridges  of  the  cutis;  it 
condiicts  itself  coniieqiientlj'  just  a^  at  any  oliier  part  of  tlie  skin  (fig, 
154,  d).  Tlio  young  cells  of  whieh  it  \»  composed  correspond  also  m 
their  hiatolocrical  constitution  with  those  of  the  external  skin  (fig.  156,/),j 
In  size  they  range  between  O'OODO  aüd  0"0160  mm,,  and  their  nuclei' 
between  0*0065  and  0-O075  mm.  The  only  difference  appears  to  b©j  that 
in  the  deepest  kyci-s  the  cells  of  the  younget  laminie  are  apparently 
more  or  less  oval.  According  to  €,  Krause^  the  nuclei  of  such  imil  cell« 
contain,  in  negroes^  the  same  dark  brown  pigment   as  the  skin  itself 

{§  90)  ;  a  fact  of  much  interest.  Cella 
with  a  double  nuclena  are  not  un fre- 
quently met  with  here  also  (ff).  That 
the  ret©  MaJpi^hii  of  tlie  naü  is  eoiiti- 

j^^_^        ^^  J   1^^  ^    nnons  with  the   younger  cells  of  the  | 

/^J/q  /^J-^-^^J  ^piti^*rmis  in.  the  furrow,  and  at  the 
^ — ^  C^^^A^^^f^/^^-^  IHiint  of  the  finger,  hardly  requires  to 
J^ — \     f'*^Ö^^:::K\^  be  mentioned,  and  may  be  seen  m  fig. 

(^  J     ^^  ^^M  15^*  ^r  and  155,  K 

Now^  while  the  cells  of  the  daepe^^ 
layers  have  but  little  about  them  tlmll 
iä  striking,  the  revere  is  the  case  with 
those  of  the  superficial  lamina  or  true 
homy  substance  of  the  naiL    GeneralJj  i 
speaking,  we  have  only  to   remember 
that  the  under  surface  of  the  homy  layer 
clings,  by  nieaus  of  slight  indentations, 
to  the  rete  Malpighn  (fig.  154,/),  and  that  on  the  toot  of  the  nail  it  is  con- 
siderably thinner  and  Rofter  than  the  free  uncovered  portion,     Finallyt 
the  epidermis  of  the  akrn  passes  forwards  a  certain  distance  on  the  surfaee 
of  the  nail  from  the  inf^nor  fold  (fig.  155,  f ),  while  that  of  the  tip  of  til© 
finger  is  lost  under  the  free  edge  of  the  same  (fig.  1 55,  /), 

Sections  of  this  horny  substance  give  no  clue  to  its  texture  with- 
out further  treatment;  for  we  have  to  deal  with  a  brittle,  hanl,  and 
tolerably  transparent  mas.^,  whicli  appears,  to  a  cerlain  extent,  split  up 
and  torn  by  the  edge  of  the  knife.  If  we  subject  such  a  section,  how- 
ever, to  the  action  of  sulphuric  acid,  or,  still  better,  to  that  of  caustioi 
soila  or  potitish,  the  whole  of  it  swells  up  in  a  very  remarkable  manjter 
(ejipecially  when  warmed)  into  the  most  beautiful  epithelial  tissue  (fig, 
156,  ii-e).  At  first  the  cells  are  marked  off  one  against  the  other,  as  flai^ 
tened  pnlyhedm  {d) ;  but  eventually  tbey  separate  from  one  another, 
under  the  continued  action  of  the  reagent.  Their  size  is  usually 
0  0375-0-0425  mm. 

But  though  tbey  correspond  eo  far  with  epiderraii  cells,  the  elements  of 
nail-tissue  possess  one  distinguishing  characteristic  (if  the  chemical  action  I 
of  the  reagents  have  not  gone  too  far),  in  the  form  of  a  rounded  gr^anuUr 
nucleua^  a  delicato  lenticular  structure,  seen  in  üg.  150^  &,  c,  rf,  ö,  from 
above,  as  compared  with  the  iide  view  at  a.  Its  diameter  lies  betwe^i; 
ü'0075  and  0  00 DO  mm. 


Flff.  lie.— TUtuci  of  the  human  njüt,  tnfloiMf 
urter  irtfltment  wirli  c!«iutk  Hoda.  a,  eeU» 
of  £h«  tttporftd«)  Iura-  In  pr^'fltc ;  b,  one  uvn 
fnim  iiboT«;  t,  hHlf  iirr>flk:  d.  m.  number  v^t 
c«11«,  of  polyliedrfti  oistHne^  In  ciH^tNCt  with 
tine  unotCH'f^  ty  «  ^\\  hIkmc  nnelfiuli  AlKiut 
tci  dlikiptpt'ar;  /  wlli  fmniiiic  uiulertnort 
pnrt  of  f  lie  fttt  M*ift*i^hii*  ^,  one  of  tli«  utms 
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The  nmls  of  the  humftn  bciiiR  tliffor  from  the  epidermiR  in  their  greater 
hunlncÄS  and  solidity^  but  correspond  very  essen tlnlly  Aviih  the  latter  in 
their  chcxmEcaJ  relations.  Like  the  Bcales  of  the  cuticle^  tht^j  yield  on 
iRutnient  with  ftlkalieij  keratin^  alrej^ly  ^«cntioned  (§  94), 

Aaoly^os  of  the  suhstauce  of  hnman  uail-tmua  have  been  frequently 
mtuJe ;  of  tho«ü  iivuiliable  we  will  only  quote  the  following,  from  Sehßrer 
and  Muider: — 

C,    .         .         51-09 
H,    .        .  6  82 

If,   .        .         16-9Ü 

o;}    ;    ^^"^^  { 

According  to  these,  the  proportion  of  snlphnr  in  the  keratin  of  nail- 
tiasne  appears  more  considerable  than  that  of  the  epitlerniis,  in  which  it 
only  amounts  to  0'74  per  cent  {p,  152).  The  proportion  of  mineral  con- 
stituents was  found  to  be  I  per  cent. 

The  tissno  of  nail,  liktj  that  of  the  cuticle^  18  nourbhed  by  the  blood- 

vesfela  of  the  matrix  and  ftirrow,  and  shows,  in  onr  condition  of  culture, 

,  constant  and  tolerably  lively  growth,  exceeding  by  far  the  loan  of  sub- 

anec  induc*!d  hy  the  censeless  wear  and  tear  going  on  at  the  free  edge. 
Tt  appeitrs?,  howi*ver^  that  with  those  who  do  not  pare  their  nails,  as,  for 
instancet  the  Chineöe^  the  growth  of  the  former  reaches  a  linn t  oyentuaJly, 
for  tbt'se  talon  shaped  nails,  of  about  two  inches  in  length,  Bomctimes  met 
with,  do  not  increase  any  moi-e,  aceording  to  Ha  mil  ton.  According  to  E* 
H-  WehtT^  the  fi'ee  edge  is  cast  off  at  times  in  children  in  the  form  of  a 
crescentie  i^trip.  Some  interesting  experiments  were  made  by  Bürihold 
in  regard  to  the  amount  of  growth  of  the  nail,  or,  what  m  the  same  thing, 
into  the  length  of  existence  of  a  horny  cell  of  the  hitter.  Regeneration 
takes  place,  according  to  this  observer,  moro  rapidly  in  infancy  than  at 
an  advanced  age,  and  in  summer  than  in  winter ;  a  nail,  which  requires 
during  tbe  Murm  part  of  the  year  116  days  for  its  complete  renovation, 
consuming  152  days  in  the  latter  process  during  the  winter.  The  nails 
also  of  different  hngcn*,  as  well  as  Uioao  of  corresponiling  mem  hers  on  tho 
right  and  left  hrtndgi,  are  said  to  be  dissimilar  in  growth  also. 

The  mode  in  which  they  grow  is  as  follows : — The  deeper  eel  la  of  the  rete 
Malpiffhii  preserve  their  position,  wdiilst  the  horny  lanmia  iä  [Hished  for- 
ward over  the  softer  layer  of  cells  covered  by  it,  by  the  constatit  prtid  action 
iif  new  element«  at  the  posterior  border  of  the  root,  which  hecomc  trans* 
formed  into  scales.  Tliat  the  nail  anteriorly  m  considemhly  thicker  than 
hfdtind  is  explained  by  tlie  fact  that  the  more  &«perfif;ial  ceHa  of  tho  rete 
mu  cos  mil  are  nlso  tnui^fünued  ou  the  fiurfacc  of  the  matrix  into  homy 
laminic,  which  unite  with  the  under  surface  of  the  completed  corneous 
portion  of  tho  nail,  strengthening  the  latter,  and  naturally  pressed  for- 
war<i  with  it 

Kow,  jnst  as  there  is  a  normal  physiological  renovation  of  the  nail,  so 
do  wo  iind  that  the  latter  may  be  completely  regenerated  after  having  beea 
lost  in  an  abnormal  manner,  provided  that  the  matrix  have  preserved  its 
integrity.     If  the  latter  have  suffered,  an  ill-formed  nail  is  produced. 

An*^l  further,  in  that  the  nail  Is  dependent  for  its  growth  on  the  vessel» 
of  the  matrix,  it  h  easy  to  conceive  how  many  affections  combined  with 
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dbtnrbances  in  the  circulation  of  ths  latter  may  lead  to  its  malfonna- 
tion.  The  ntiÜä,  iikeivise,  are  shed  from  the  extremities  among  rabbits,  | 
as  Sfeinnick^it  well-known  experiments  Ivavo  shown,  after  divii^ioii  of  the 
sciatic  nerve.  The  fact  also  observed  by  KocUiker  is  very  intereatlDg^  | 
namely,  that  in  those  case«  in  which  we  find  thickening  and  malforma- 
tion of  the  naila  of  elderly  individuals,  the  capillaries  of  the  anterior  por^ 
tion  of  the  matrix  may  be  impervious,  owing  to  a  deposit  in  them  of  fatty 
granules 

FimUJj,  as  to  the  first  appe^^rance  of  the  nail  in  ths  embryo,  we  find 
its  rudiments  in  the  third  month  of  inter^uterine  existence  in  the  form  of 
a  fold  in  the  usual  situation,  which  is  clothed  with  the  ordinary  cells  of  the 
embryonic  skin.  Then  in  the  fourth  month,  under  the  embryonic  cpider- 
mis,  and  above  the  reto  Malpighii  of  the  matrix,  a  layer  of  new  cells 
is  seen,  destined  to  become  the  horny  cells  of  the  fnture  nail  Later 
on,  more  of  the  same  kind  of  strata  are  deposited  on  these,  so  that  the 
corneous  layer,  although  stUl  soft,  acquires  considerable  thickness.  At 
the  end  of  the  fifth  month  the  coating  of  simple  epidermal  scales  has  dis- 
appeared from  over  the  nail,  and  the  latter  lies  freely  exposed.  In  the 
naü  of  the  new-born  child  wo  may  still  recognise  its  cellular  naturo  with- 
out the  aid  of  reagents,  but  after  the  first  year  the  coUs  are  of  the  same 
constitution  as  in  the  adult  body, 

C.  Tissues  belonging  to  the  Connective- 
Substance  Group, 

§  lüL 

Having  discuMed  the  opitlielia,  wo  now  turn  to  the  oonsideration  of 
another  natural  ^roup  of  textures,  namely,  tho  conjicdtimsith^tance  groupt 
one  of  the  most  important,  but  at  the  same  time  most  difficuH  chapters  of 
histology. 

This  mime  has  been  given  by  the  grc^iter  number  of  investigators  of 
our  day  to  a  series  of  tissues,  all  of  which  probably  take  their  origin  from 
the  so-called  middle  embryonic  plate,  and  start  from  the  same  rudiment«*. 
They  usually,  however,  in  the  course  of  their  farther  development  in 
various  directions,  become  separated  further  and  further  from  one  another« 
taking  on  the  moat  diverge  forms,  as  vi'ell  from  a  chemical  as  anntomieal 
point  of  view.  Thus,  in  the  mature  organism j  there  occur  in  the  connec- 
tive substance  git>up  masses  which  appear  at  the  first  glance  to  be  sepa* 
rated  by  a  very  wide  gap.  Among  these  may  bo  reckoned  vurtilm^^ 
tnuooid  or  gelatinous  tissues,  rectieuhir  wuTwciim-mihdan^e^^  imfinmy  «>«- 
fieciipB  tissue^  f<xti^  tmm^  bone,  and  the  mhdanm  tompomiig  teeth  or 

The  near  relationship,  however,  of  all  these  *lißerent  tissues  i^j  not  to 
be  denied. 

In  the  first  place,  we  often  see, — tlumgh  the  typically  marked  VHrietiea 
cf  the^c  several  tissues  may  ditler  widely  from  one  an  other, —intermediate 
forms,  as,  for  instance,  between  geldtinous  and  ordinary  connective  tissue, 
and  between  the  latter  and  cartilage;  so  that  a  sharp  line  of  demaroatiun 
cannot  possibly  be  drawn  betwecu  the  various  memliers  of  tho  series, 

Again,  in  many  regions  of  the  body,  these  severid  ti^i^ues  merge  one  infeo 
another,  as,  for  instance,  in  the  case  of  thoic  just  mentioned. 

Further,  a  substitution  gr  replacement  of  rno  tissue  by  another  ^ni* 
valent  one  It  as  been  rem  ark  ed^  and  moreover  of  threefold  nature* 
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In  tliD  first  place,  comparative  liiatology  teaclieff  tbat  tLe  diifercnt  formt 
wliich  belmig  to  thia  giy>up  of  conneetivü  tissues  replace  ctmh  other 
frequently  eacmgh.  Whjit  in  in  one  aniniiil^  for  insttiuce^  ordinary  coBr 
ne€t!ve  ti«^ie  app^'ttrs  in  another  in  th*j  Ibim  of  reticular  iubatojice» 
cartilage»  or  bonü.  The  eartilage  of  some  organs  in  one  Wntg  is  repla<!e<i 
in  the  name  part«  of  another  by  bone,  or  ticiny  tissue  by  dentine,  und 
m  on. 

But  in  one  and  the  same  organism  alto  typical  development  brings 
with  it  a  substitution  of  one  member  of  the  connective-substanee  group 
for  another.  There,  for  instAncej  wliero  in  the  embryonic  state  gektinouB 
tissue  exisle<l,  llie  hitt^er  h  found  transformed  into  connective  tissue  or 
fat  at  a  later  ejiMiL'h;  cartilage  witli  iU  cUTivatiyes  takes  on  the  form  of 
bony  suTistance. 

Final  I  y^  we  encounter  every  kind  of  this  substitutioa  in  the  richest 
[  JKbundanet*  in  pathological  reseaJtb,  brought  about  by  fonnative  activity 
0f  a  system  modified  by  disease-  Almost  every  member  of  the  group  of 
eonnertive  tiasucs  may  be  replaced  by  very  nearly  any  other,  firstly  by 
immediate  metamorphosis,  then  again  more  particularly  by  reconstruction 
irom  the  offspring  of  the  original  tissue. 

Now,  Avbile  we  thus  have  suflicient examples  of  rf*bition?;hip  on  anatomi- 
cal territory »  all  the  tissues  of  this  group  are  also  found  t<j  correspond  in 
another  respect^  namely,  from  a  physiological  point  of  view.  Their  signifi- 
cance in  the  actior;s  of  the  healthy  body  is  of  a  more  subordinate  kind, 
although  they  make  up  an  enormous  proportion  of  it.  They  represent,  as 
is  usually  said,  tissues  of  lower  vital  dignity,  certain  connecting,  enclosing, 
or  supporting  nmtters  in  our  system,  or  a  kind  of  widely  distributoil 
framework,  in  whose  interspaces  other  tissues,  as,  for  instance,  muscles, 
nerves,  vessels,  uud  gland-cells,  lie  imlmdded.  The  name,  therefore,  "  con- 
ncctivf^ substance,"  formed  after  tliat  of  '* connective-tissue'^  proposed  by 
MuilcTj  appt*ars  in  many  respects  a  suitable  one.  The  term  "snstentk- 
cuhir  tissue  "  applied  to  it  by  KöfNk^r  might  also  bo  recommended. 

However,  thougli  conuective-substance  takes  but  little  part  in  the  phy- 
ftidli^cal  occurrences  of  the  ukatnre  and  healthy  body,  as  we  have  just 
mUi;  it  loses  this  character  f>f  quiescence  and  indifferpnce  in  the 
nafifieTOUS  tnuisfonnations  and  luxuriant  growths  of  the  diseased  body, 
and  becomes  on  the  contrary  the  most  active  tisj^ne  of  tlie  whole  system. 
We  are  indebted  to  Vitchow  ibr  having  brought  out,  by  an  extensive 
teties  of  observations,  that  it  is  principally  from  the  tissues  of  the  con- 
Eective^ubstance  group  that  most  of  the  pathologicfd  new  formations 
t&kQ  their  risei  '^so  that  the  connective- tissue  with  its  equivalents  may 
be  regardcti  a»  the  common  germ-bed  of  the  body** 

Remahks.— SdODCc  h&s  to  thank  MeiehcH  for  having  iu  th«  year  1S45  placed  our 
views  w^  rvj^rd«  cotiDe^^iive-tisstte  on  n  6rm  ba^i. 

j  101 

KoWt  although  it  is  comparatively  easy  to  sketch  the  first  outlines  of 
the  connective  substance  group,  definition  in  individual  castas,  and  the 
arrangewsent  of  the  various  forms  of  tissue  by  means  of  the  history  of 
their  development,  is  attended  at  present  with  the  greatest  dilBculty- 

Indeed,  tho  requirements  of  histology  on  these  [loints  can  be  only  but 
very  imperfectly  satisfied  in  the  present  state  of  science»  In  the  first 
plneei,  there  still  exist  gretit  gaps^  and  then  the  earlier  and  more  extensive 
12 
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memoirs  OE  tlie  subject—as,  for  inatanoe,  those  of  VircJiow,  Donderw^  aod 
Others — are  no  longer  perviceable  in  the  present  condition  of  histology. 
And,  finally,  owing  to  the  difl&cuHy  of  investigation,  and  a  certain  amoimt 
of  weariness  produced  by  unprofitable  discuasions»  the  connect! ve-tiasuea 
have  recently  been  goraewhat  neglected  by  microacopiats. 

The  following  ai6  about  all  llie  featnrea  we  can  pronounce  aa  hieto!o|5i- 
cally  chara«teriitic  of  the  group  of  connective  suhatancea  i— 

The  embryonic  rudimenta  of  all  the  tissues  in  queation  consist  origl* 
nolly  of  aggregations  of  more  or  less  spheroidal  formative  celk,  without  any 
membrane^  and  encloaing  vesicular  nuclei.  Between  these  a  aaft^  homo- 
geneous inteTcellular  substance,  consisting  of  albuminous  matt^^r,  begin« 
to  be  formed^  be  it  as  a  product  of  the  cells,  or  as  a  transformed  portion 
of  the  cell-bod  tea.  This  appears  later  on  in  considerable  though  varying 
abundance.  Subsequently  the  cells  as  well  as  the  intercellular  matter 
oommenee  to  take  on  other  forms.  As  a  rule,  the  ground-substance  or 
matrix  undergoes  more  or  less  a  division  into  fibrous  or  stringy  ma^ea  or 
a  transformation  into  fibrillae,  while  the  cells  become  stunted,  or  on  the 
other  hand  develop  into  spindle-shaped  or  stellate  elements,  which  n^n 
may  unite  to  form  a  cellular  net- work.  Calcification  likewiao  of  the 
intercellular  substance  is  a  typical  occurrence  in  some  of  the  tisaaes  under 
consideratiotu 

And  with  these  anatomical  changes  wo  find  besides  correspondiag 
chemical  metaDiorpboaea,  Aa  we  have  just  said,  the  grotind-work  of  ooa* 
nectivc-substance  consists  originally  of  protein  matter  or  near  denva- 
tives  of  the  same.  A  anbstance  nearly  allied  to,  or  idtsatical  with, 
mucin  (p.  21),  also  makes  its  appearance  here  very  frequently.  AlmoH 
everywhere  the  chemical  constitutioii  of  earlier  days  is  missed,  tuoit 
remote  descendants  of  the  protein  group  appearing,  namely,  th«»  glil- 
tinona  substances  (p,  22),  and  amongst  tbem  uaually  glutin  or  more  rmielj 
chondrin  :  local  transfurmation  of  the  ground-substance  into  elastie  KO&ta- 
rial  (p.  23)  may  also  take  place.  In  the  cell-body  also  the  origiUAl  proto^ 
plasm  may  be  replaced  by  other  matters,  such  as  pigments,  fats,  &c, 

Now,  as  we  have  already  remarked,  a  classification  of  the  tissues  ho- 
longing  to  this  group  must  I«  looked  upon  as  a  doubtful  matter^  owing 
to  the  intermediate  forms  and  transitions  which  are  consUintly  oti- 
countered.  We  will,  however,  distinguish  between^!*  cuHilatfimw^ ; 
2.  gtlatiiwm  atul  t^eiicuiar  cmm€€iim-mibitanee ;  3.  fatty  tismes  ;  4,  ordi* 
narjf  amm-ctim  tmue;  5.  bont/  tissue;  and,  6,  detitirte, 

5.  Gartilage«^ 
§  103. 

By  cartilage  we  understand  n  compact  tiasue  (appearing  very  early  lii~ 
the  embryo,  often  rapidly  maturing  and  as  often  mpidly  decjiying)^  which 
is  widely  distributed  throughout  the  body,  and  formed  of  cells  situated  in 
an  originally  homogeneous  intercellular  substance.  Tbe  specific  gravity  of 
cartilage  in  keeping  with  its  solidity  is  considemble,  amounting,  according 
to  IF.  Krmtse  and  Fiaeher,  to  1'095  and  r097  for  that  of  the  joint« 
aurl  the  ear.  The  flexibility  and  elasticity  of  cartilage  is  by  no  meaiü 
inconsiderable  when  in  thin  pieces  or  plates;  but  thicker  pieo«s  arc  brittle, 
and  snap  easily* 

According  to  the  regions  in  which  they  occur,  anatomists  have 
divided  cartilages   into  attieuiarf  or  such  oa  clothe  the  t^xtremitiM  of 
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bones  entering  in  to  the  formation  of  joints^  and  viembranonsj  or  sucii  m 
mrve  for  tlie  formation  of  cavities,  in  that  they  strengthen  and  iolidiff 
the  vnäh  of  Ute  latter, 

Another  elaMiÜcation  baßetl  on  Um  length  of  e^tistenoe  of  llie  tissue 
niight  be  said  to  be  iiatiirah  We  meet,  namely,  early  in  intm-uterin<s 
life  and  very  widely  diistributed,  a  cartilaginous  skek^ton,  tlie  greater 
urt.  of  whicli  dicsap pears  in  tlio  normal  process  of  development  at  an 
riy  p45rioil,  being  destined  to  give  place  by  decay  to  auötiii*r  tissue, 
namely,  bone,  wlulst  only  a  small  portion  i»  retained  throughout  the 
whole  of  IIA*.  The  first  of  these  ia  tmnporar^^  the  second  pfttrui/tent  car- 
li!age(l). 

There  is,  however»  a  third  and  more  rational  clajaafification,  vi'hich  ia 
based  on  the  histologic^  texture  of  the  cartilage  or  that  of  its  inter- 
cellular substance. 

The  latter  appears  orifjtnally  in  all  cartilages,  homogeneous,  transpa- 
rent, or  filightJy  clouded.  This  transparent  constitution  may  last  the 
whole  life  through,  when  auch  cartilages  are  known  as  hi/aline^  and 
represent  the  typical  form  of  the  tissue  (iig-  157).  These  may  be  re- 
cognised by  the  imaided  eye,  from  their  appearing  in  thin  slices^  trans- 
parent OS  water,  while  in  larger  or  thicker  masses  they  present  a  bluish- 
white  or  at  tim^js  milky  appearance. 


äi^hfÄt^ 


'^■0 


^s»*»^ 


Fls,  1«7>— Hy  tttne  cartilage 


Cartilaginous  tissue  i«,  however,  liahlo  to  undergo  in  the  course  of 
time  many  kinds  of  anatomical  metamorphoses  even  of  the  inter- 
eellular  substance,  which  in  some  cases 
commence  very  earl}',  iu  others  how- 
ever delay  a  long  time  in  making  their 
appeaniuce.  At  one  time  again,  they 
atfect  but  small  portions  of  a  cartil- 
nge«  rind  at  another  extend  themselves 
"^  rer  the  whole  of  the  latter*  If  they 
Ippear  early  and  spread  throughout 
whole  cartilages,  thf^y  produce  special 
mo<lilications  of  the  latter  and  are  speci- 
ally named. 

Thus    intercellullJir  substance  may 
undergo  a  coarsely  granular  clouding,  fif.  im. 

or  become  atreaky  and  banded,  or  be  transformed  into  fibres  of  various 
kinda  At  one  time  we  perceive  a  partial  change  into  parallel  bands  and 
fibres  unacted  on  by  acetic  acid ;  at  onother,  meet  with  an  interlacmg  of 
dirk  elastic  fibres,  or  remark  in  the  matrix  the  characteristic,  doiicatd 
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fibrillce  of  connective  tissue  paling  under  the  action  of  this  reagent  The 
two  last-named  varieties  have  given  rise  to  the  distinction  between  the 
elastic  or  reticular  cartilages  (fig.  158),  and  the  connective  tissue  or  fibro 
cartilage  (fig.  159).  Parts  which  have  undergone  metamorphoses  of  the 
intercellular  substance  of  this  kind  lose  the  bluish-white  appearance  of 
hyaline  cartilage,  and  become  opaque  and  either  yellow  or  white. 

Kemarks. — Correctly  speaking,  tliis  division  is  not  good,  in  that  we  are  unable 
to  draw  any  distinct  line  between  permanerU  and  temporary  cartilage,  and  the  ques- 
tion is  only  as  to  differences  of  degree.  Comparative  anatomy  teaches  likewise  that 
the  temporary  cartilagea  of  one  group  of  animals  may  be  permanent  in  another,  and 
vice  versa.  Finally,  it  is  very  frequently  the  case  that  late  in  life  bony  growths  are 
formed  at  the  expense  of  the  so-called  permanent  cartilage. 

§  104. 

The  cells  of  cartilage  manifest  no  less  an  inclination  to  change  than 
the  intercellular  substance.  And  though  in  very  young  tissue  these 
elements  present  nothing  very  striking  in  their  appearance,  yet  they 
may  become  very  characteristic  structures  through  subsequent  transfor- 
mation. 

In  its  rudimentary  condition  growing  cartilage  presents  itself  as  a  simple 
aggregation  of  nucleated  formative  ceUs  (flattened  somewhat  where  they 
are  in  contact  with  one  another),  between  which  close  scrutiny  enables  us 
to  detect  thin  streaks  of  a  homogeneous  glistening  substance.  This  con- 
dition remains  throughout  life  among  the  cartilage«  of  lower  animals. 
Soon  after  this  these  streaks  become  broader,  and  within  a  short  time 
the  interstitial  matter  may  attain  proportions  as  great  as  represented  in 
fig.  160. 

The  cartilage  cells  now  appear  round,  oval,  or  more  or  less  crescentic  in 
form,  and  frequently  very  strongly  flattened.  Their  dimensions,  exclusive 
of  extreme  cases,  may  be  stated  at  001 82-0*0275  mm.  The  body  of  the 
cell  consists  frequently  of  a  homogeneous  or  delicately  granular  proto- 
plasm without  a  membrane,  and  in  it  we  almost 
always  find  a  simple  vesicular  nucleus,  measuring 
from  00075  to  0-0144.  According  to  Eollett,  this 
protoplasm  becomes  clouded  in  a  peculiar  manner 
on  being  heated  up  to  73-75°  C. 

Under  the  action  of  reagents,  and  even  of  water, 
the  body  of  the  cells  of  many  cartilages   may  be 
seen   to  assume  jagged  or  stellate  forms.      Violent 
Fig.  160.— Cell«  of  an  cm-    electric  discharges  also  cause  the  cells  in  question 
Sage^fronTti^'^pig.'*'     to  take  on  the  same  forms,  with  a  simultaneous  de- 
crease in  size  { Ileidenluwi,  Rollett).     They  are  also 
probably  endowed  with  vital  contractility;  but  this  has  not  yet  l>een 
proved  beyond  doubt. 

The  further  changes  to  which  the  cell  (fig.  IGl)  is  liable  apply  less  to 
the  shape  (which  generally  remains  one  of  those  mentioned)  than  to  the 
size,  which  increases,  and  at  times  to  a  very  great  extent.  The  nuclei 
alsr)  frequently  lose  their  vesicular  nature,  becoming  solid  while  thoy  re- 
main smooth,  or  else  assuming  a  granular  appearance.  Deposition  of  fats 
in  the  body  of  the  cell  may  also  commence  early. 

Another  appearance,  which  is  remarked  not  unfrequently  in  many 
mature  cartilages,  though  to  a  variable  extent,  is  also  of  great  significance. 
Halos  or  rings  of  a  sometimes  homogeneous,  sometimes  laminated,  sub- 
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FIff.  1Ä1.— Diagram  of  welMcve- 
lopctl  old  liyiUine  cartllai^  with 
vMiiutu  kinds  of  cells. 


stance,  surround  isolated  cells  or  groups  of  the  same,  at  one  time  very 
distinct,  at  another  blending  in  their  periphe- 
ral portions  into  the  matrix  (fig.  161).  These 
are  the  long-known  cartüage-capsules,  which 
we  have  already  considered  in  a  former  part 
of  our  work  (p.  87). 

We  are  here  met  by  the  important  ques- 
tions: how  have  these  capsules  originated] 
what  is  their  relation  to  the  cell  and  inter- 
cellular substance  ?  and  what  is  the  source  of 
the  latter  1' 

The  opinions  of  histologists  on  the  points 
in  question  have  varied  from  the  earliest  days 
of  microscopy  in  tlie  most  marked  way.  It 
was  long  ago  supposed,  under  the  belief  in  the 
spontaneous  generation  of  cells  and  the  doctrine  of  blastema,  that  the 
intennediate  substance  was  gradually  insinuated  between  the  cells  (§  102), 
and  that  the  cartilage-capsule  was  formed  of  a  modified  layer  of  the  latter 
around  the  cell :  consequently,  that  the  capsule  was  deposited  externally 
upon  the  cell-body.  On  the  other  hand,  some,  while  they  allowed  the 
origin  of  the  apparently  homogeueous  intercellular  substance  to  bo  that 
just  stated,  still  looked  upon  the  cartilage  capsule  as  a  product  of  secre- 
tion from  the  cell,  fusing  at  its  periphery  with  the  matrix.  According  to 
a  third  view  (1),  the  capsule,  as  well  as  the  intercellular  substance,  is  a 
material  supplied  by  the  cartilage  cells.  But  it  is  still  a  subject  of  con- 
troversy whether  the  capsule  and  groundmass  are  to  bo  looked  upon  as  a 
secretion  of  the  cells,  which  has  become  solid,  or  a  part  of  the  body  of  the 
latter,  which  has  undergone  metamorphosis;  or,  again,  whether,  as  a  rule, 
tlds  intercellular  matter  is  to  be  considered  structureless  or  the  reverse. 
The  last  of  these  three  views  is,  in  our  opinion,  the  only  one  tenable  at 
the  present  day  (2). 

We  are  able,  indeed,  by  means  of  certain  reagents,  to  demonstrate  with 
complete  certainty  that  the  so-called  intercellular  substance  of  many  car- 
tilages is  only  apparently  structureless  (fig.  162). 
This  is  seen  to  be  the  case  in  the  frog,  while  it  is 
less  distinctly  evident  and  more  difficidt  of  demon 
stration  among  mammals.  It  is,  in  fact,  by  a 
process  of  repeated  formation  of  capsules  that  the 
matrix  is  produced  and  increased  in  quantity.  Tlio 
whole  ground-work  of  cartilage  consists  of  nothing 
but  a  number  of  large  systems  of  capsules,  which 
have  become  fused  into  one  another.  Each  car- 
tilage cell,  therefore,  takes  a  part  in  this  process. 
In  many  cases  these  concentric  laminsB  in  the  cap- 
sule appear  in  section  of  exactly  the  same  refrac- 
tive power,  and  consequently  it  was  formerly  sup- 
posed that  the  intercellular  substance  of  cartilage 
was  homogeneous  and  structureless.  But  if,  on  the  other  hand,  the 
youngest  layers  in  the  system  presents  different  optical  bearings  (which 
occurs,  as  we  know,  not  unfrequently),  the  term  cartilage  -  capsule  is 
usually  applied  to  them. 

Sut  although  so  much  is,  in  our  opinion,  certain,  yet  the  problem  as 
to  whether  these  capsules  are  the  products  of  secretion  of  the  cell-body 


F5«r.  IM.— Thyroltl  carUlap« 
from  tlie  pi«,  after  treat- 
ment wih  chlorate  of  pot- 
ash and  nitric  acid,  showing 
the  intennediate  substance 
resolved  into  the  portions 
belonging  to  each  cell. 
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fibrUiJ^  of  connective  tbsue  pftling  under  the  action  of  thim  reagent  Tlie 
two  Iftst-n limed  varieties  Imvo  given  rise  to  the  distinction  bet^?een  thi^ 
eiadie  or  reticular  cnriiiag^B  (%.  I58),aiid  the  conneettve  tisaue  of  ßbm 
eariilaffe  (ßg.  159),  Parts  \v\ndti  have  undergone  metamorphoses  of  the 
intercellidar  substance  of  this  kind  lose  the  bluish-white  appearance  of 
hyaline  cartilage^  and  become  opaque  and  either  jeUow  or  white. 

KiWARKs.^CörrocÜy  swulcing,  tbis  diTijtion  is  not  goötl,  in  that  w*?  %Tt  unable 
to  draw  any  distiüct  line  Wtween  permaneni  and  tfmporaTy  cAftiJiiffo»  and  thi*  qae«- 
tion  is  only  9&  to  diffbrtnce«  of  degree.  Coropimtive  nnatomy  tenches  likewise  that 
ib«;  tempomry  cartilages  of  o&e  group  of  animal  ■  m^f  be  panuanent  in  another,  and 
vice  ver^.  Finally,  it  ia  very  frequently  tbe  case  that  lato  in  Ufc!  hony  growtba  ar« 
formed  at  the  L^xpense  of  tLe  ao-mUed  permanent  cartilage. 

§   101. 

The  cells  of  cartiliige  manifest  no  leas  an  incliuation  to  change  than 
the  intercellular  eubstaiice.  And  though  in  very  young  tissue  these 
elements  present  notking  very  striking  in  their  appearanee,  yet  Lhey 
niivy  become  very  characteristic  structures  through  subsequent  transfor- 
mation. 

In  ltd  rudimentary  condition  growing  cartilage  presents  itself  as  a  simple 
aggregation  of  nucleated  formative  ceUs  (flattened  somewhat  where  they 
are  in  contact  with  one  another),  between  which  close  scrutiny  enables  ua 
to  detect  thin  streaks  of  a  homogeneous  glistening  aubstanca  This  con* 
dition  remains  throughout  life  among  the  cartilagea  of  lower  animals. 
Soon  after  this  these  atreaka  become  broader»  and  within  a  short  time 
the  interstitial  matter  may  attain  proportion/*  as  grea^t  as  represented  in 
fig.  160, 

The  cartLlagG  cells  now  appear  round,  oval,  or  more  or  less  creecentie  in 
fo rm ,  an d  f req uen tly  very  stro n gly  flattened .  T heir  d i men sio nss »  e x cl usi  ve 
of  extreme  ease^  may  be  stated  at  0(>I82-0"0275  mm.  The  body  of  the 
cell  consists  frequently  of  a  homogeneous  or  delicately  granular  proto- 
plasm without  a  membrane,  and  in  it  we  almost 
always  find  a  simple  vesicular  nucleus,  measuring 
from  0-0075  to  00144.  According  to  IhlUtt,  thia 
protoplasm  becomes  clouded  in  a  peculiar  manner 
on  being  heated  up  to  73-75'^  C. 

Under  the  action  of  reagenta,  and  even  of  water, 
the  body  of  the  cells  of  many  cartilages  may  be 
Feen  t^  aisume  jagge*!  or  stellate  fonns.  Violent 
electric  discharges  also  cause  the  cells  in  question 
to  take  on  the  same  forms,  with  a  simultaneoue  de- 
crease in  size  (Ileidünhuin^  Rollet t).  They  are  alao 
probably  endowed  with  vital  contractility;  hut  ihia  has  not  yet  been 
proved  beyond  doubt 

The  further  changes  to  which  the  cell  (fig.  101)  is  liable  apply  less  tu 
the  shape  (which  generally  renminji  one  of  those  mentioned)  than  to  the 
size^  wVüch  incre^ises,  and  at  timee  to  a  veiy  great  extent  The  nuclei 
nUo  frt*qut*ntly  lo^  their  vesicular  nature,  besoming  solid  whilo  they  re- 
main snioath,  or  ebe  assuming  a  gnmular  appearaneo.  Deposition  of  fsts 
in  tbo  bcHly  of  the  cell  may  also  conimfucc  early. 

Another  appeiiranco,  whieh  is  remarked  not  unffequenLly  in  mmif 
mature  caftilages,  though  to  a  variable  extent,  is  also  of  great  siguiJicanctL 
Halos  or  rings  of  a  sometimes  homogeneous,  sometime»  kmiuated^  siib- 
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itance«  sufround  bo!ate<I  cells  or  groups  of  the  same,  at  one  time  v^ry 
di^tiii€^  at  another  blending  in  their  pedplie- 
ffti  portions  into  the  matrix  {fig,  161),     The^e 

I  Are  the  long- known  cartila/je'Capsules,  which 

[  wo  have  already  considered  in  a  former  part 

[iif  our  wcirk  (p.  87), 

We  are  here  mat  hj  the  important  ques^ 
iionii:  how  have  these  capsules  originated  1 
what  is  their  relation  to  the  cell  and  inte^ 
eellnlar  substance  ?  and  what  is  the  source  of 
the  latter! 

The  opinions  of  histologists  on  the  points 

.  in  question  have  varlefl  from  the  earliest  day» 
,©f  micxoscopy  in  the  most  marked  way.     It 
u  long  a^o  supposed,  under  the  belief  in  the 

'  spontantious  generation  of  cells  a^d  the  doctrine  of  blastema,  that  the 
intermediate  substanco  was  gradually  icsinuated  betweeri  the  cells  (§  102)» 
and  that  the  cartilage-caps  tile  waa  formed  of  a  modified  layer  of  the  latter 
around  the  cell :  consequently,  that  the  capstile  was  deposited  externally 
upon  the  cdl-body.  On  the  other  hand,  »ome,  while  they  allowed  the 
origin  of  tire  appiireutly  homog©ueo\i3  intercellular  substance  t-o  bo  that 
just  stated,  still  looked  upon  the  cartilage  capsule  as  a  product  of  secre- 
tion from  the  cell,  fusing  at  it«  peri[*h*.'ry  with  the  matrix.  According  to 
a  third  view  (1),  the  oipsule^  na  well  as  the  intercellular  substance,  is  a 
material  sufipUed  l>y  tlie  cartilage  celb.  But  it  is  still  a  subject  of  con- 
troversy whether  the  capeulo  and  gfouudmasä  are  to  be  looked  upon  as  a 
sceretion  of  the  cells,  which  has  become  solid,  or  a  part  of  the  body  of  the 
latter«  which  has  undergone  metamorphosis;  or,  again,  whether,  as  a  rule» 
this  intercellular  matter  is  to  be  considered  atructareloss  or  the  reverse. 
The  last  of  these  three  views  is,  in  our  opinion,  the  only  one  tenable  at 
the  present  day  (2). 

We  are  able,  indeed»  hy  means  of  certain  reagents,  to  demotistrate  witli 
complete  certainty  that  the  so-called  intercellular  substance  of  many  car- 
tilages  is  only  apjwirentlj  stmcturelesa  (fig.  162), 
This  is  seen  to  be  the  c^ise  iu  the  frog,  while  it  is 
J^tSi  distinctly  evident  and  more  difiicrdtof  demon 
stmlion  among  mammals.  It  is»  in  fact,  by  a 
pr&cesä  of  repeated  formation  of  capsules  that  the 
matnj^  is  produced  and  increased  in  quantity.  The 
whole  ground- work  of  cartikge  consists  of  nothing 
but  II  nmnher  of  large  systems  of  capsules,  which 
have  become  fused  into  one  another.  Each  car- 
lUigi  cell,  therafore,  takes  a  part  in  this  process. 
In  many  cases  these  concentric  lamina  in  the  cap- 
f^nle  appjeai"  in  section  of  exactly  the  ,^mc  refrae- 
tivo  jiower.  and  consequently  it  was  formerly  sup- 

I  posed  tliat  the  iniercelluiar  substance  of  cartilage 
Wtß  homogeneous  and  structurc1e.^s.  But  if,  on  the  other  hand,  the 
J0llll§e»t  layers  in  the  system  presents  different  optical  bearings  (wliich 
oeeoT^  as  wo  know,  not  un frequently),  the  term  cartilage  -  capsule  is 
usually  applied  to  them. 

But  although  so  mtich  is,  in  our  opinion,  certain,  yet  tlie  problem  as 
to  whether  these  capsules  are  the  products  of  secretion  of  tiie  cell-body 
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Tilt,  les.—lljvrui^t    cartUisr* 

inent  will  tlikirfltci  f4  jto'- 
tilth  *nd  iiltric  m-iA.  nhow  Litj? 
Ih«  InteniiLflliit'*  f  iib^fmnec 
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or  are  the  iranifbrmed  ootef  portion  of  the  latter,  is  not  f  et  capable 
solution,  in  the  present  stat«  of  our  Vnowlcxlge.     Wo  are  incHu^  li0vJ 
cver^  with  otherg,  lo  give  the  preference  to  tho  latter  view. 

EKKABKe.^!.  Theft  art,  l^eside«,  iti&tiine«a  in  whit^h  thu  orij^iD  of  iht  intcfroeUiiUr 
m^tcr  nuij  be  rec^gisii«d  withcmt  »ay  trouble.     A«  Ikmak  häA  rerj  dorrKtlr  Khown«  ' 
th«  xiphoid  procoi  ol  tlte  rvbbtt  ttfoH«  »  mitabk  otject     Here  tbü  et: IIa  mmj  \mi 
««en  iiuTüUQded  by  brood  halo«. — 2.  Mtmak  tUAV«  to  m  oerUia  exti-nt,  b«  jifiiaberedj 

witb  the  h«lp  of  wmth  wAttr,  fuid  the  gmiion  ot  jjou&h  with  nitnc  add»  in  r%«< ' 
tlie  stmctuz«  of  the  appiAreatly  homogitieotui  iiit«rceltular  anhwUnce  of  fw^'^  « 
«get     I  inTself  have  ftrdr«d  at  tb«  nm«  fttültoii  repeating  the  ex]^«nmmt. 

I  105. 

Tho  s^meiiiatioti  of  its  cella,  or,  m  the  usual  aspüRsioii  is, 
eell^ormaium  (fig.  16^),  is  no  leas  charaetenstte  of  cartLla^  Thk 
OQfti  has  already  been  described  in  j  55 :  we  refer  the  readier  to 
wmM  there  stnte<.l  We  mentioned  there  also  that  all  the  phases  of  ihm 
pffocesä  of  segmeuiiition  had  Dot  jet  been  placed  beyond  dcmbt  hy  obaer- 
vation,  Thuä  we  still  r^uire  mtMäctoff  piooh  of  stages  2,  3,  5,  and  6, 
which  ha%e  not  yet  been  ohservedt  owing  perhaps  to  t  lie  rapidily  of  the 
procesa. 

As  we  havo  already  seen,  two  (7)^  four  (S),  or  indeed  whole  general 
el  to-oslled  daughter-cells  (9),  may  lie  in  the  interior  af  a  eapei^e.     In  the 

eoeliü  cflittlagivof  elderly  indi- 
viduals, we  have  thehestoppor^ 
tunity  of  obsorring  these  ktter 
very  much  enlarged,  and  ccnt^ 
atttuting  the  so^cdhxl  m^hrr 
or  jxir^ent  ctlls :  they  iiMiy  at- 
tain a  diameter  of  from  0*11^ 
t<>  0^226  mm.  These  agniii 
may  enclose  whole  Bt.rar^as  of 
dauglitcsr- cells.  TLe  fortua- 
tion  of  laminated  envelopes 
may  then  take  place  subsfr' 
qnently  on  the  dangbter-eolla 
w)»ich  have  sprung  op  wilhtn 
the  original  capsule  (S,  !>),  and 
thfi«e  may  appear  in  course  of 
time  to  lie  hee  in  the  laMoei 
(after  that  the  parent  eapsvle 
has  become  fused  with  tbo 
ground-suhtflaDce)  nndeifoin^ 
probably  later  on  the  mmt^ 
proc«»s  of  i^(Ki@itBtkiii  ofw^r 
sf^m  Thus  the  eartikge  be 
comes  very  rich  in  cells,  showing  the  important  part  endogenons  miütipli- 
cation  plays  in  the  formation  of  the  lAtter  tiasua 

This  explaius  the  fact  that  growing  cartilagee,  in  which  no  kind  of 
reg^eneration  of  cells  can  be  discovered,  nevertheless  acfjuire  gradually  a  great 
number  of  cartila^^e  elcmenK  And,  in  fact,  on  searching  through  *«T*'"lftgt 
tissn4  we  frequently  meet  with  &pots  where  the  c^lls  still  appear  as 
though  jammed  against  one  another»  and  flattcneii  at  the  point  of  oontacl 
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[a  e9ttnn«l  foir^m  tit  tk«  eipnle.  «file«  tan 


TISSUES  OF  TH^  BODY. 


173 


(fig.  161),  and  H'hoB©  partial  orij^a  in  the  tnttnnef  jusfc  mentionetl  is  at 

kast  very  pfoti«bU*, 

I«  nintiy  mrtilftgos  besiiles^  whicrh  are  on  their   way  to   dissolution» 

and  whfre  ii  lively  change  of  tisgite  U  eüinmeucin^  ngain^  there  often 

occurs  H  very  ext<^nsivo   gi^gnn^n taliun  of  cdla.     This  h  ospedally  the 

I  ViMo  where  in  the  fiBtus  th«  production  of  hone  begins  at  the  expeüse 

gLmyl  ttjgether  wHh,  goftening  of  iha  cartilnge.*».     It  wiis  formerly  su^j* 

ypilS  tliat  othtT  tissue  eltünents  {iin?dullary  eartilago  celb)^  siUied  to  lym 

IthdM  corpuscles,  could  spring  from  the  daughlcr-ccljs.     Theao  were  then 

böliovi^d  to  take  part  in  th^5  formalion  of  other  tissues,  such  as  thu  bony, 

fiitty,  and  connective.    We  shall  refer  again  to  this  in  dealing  with  osteo 

geu^is* 
—  §  lOG, 

nature  of  cartiiagti,  im  that  of  a  very  early  formed  and  rnpidly 
nt  tissue»  explains  the  fail  th^it,  in  exanuning,  not  alone  the 
I  or  aged  liody,  but  also  the  ftetal  in  part,  we  encounter  a  scries  of 

changes  in  the  tissue  in  question,  which,  occurring  more  rarely  in  other 

parts«  are  nanally  looked  upon  there  aü  pathological  occurrencas,  but  Avhich 

may  hero  bo  set  down  for  the  greater  part  aa  normal  processes,  and  must, 

thefüfofc,  be  discussed  here. 
The  traniformations  which  may  affect  the  cell  and  protind-aubstance  in 

various  %vays  ane  more  especially  three— /fi%  infiltration,  eateißcaiionj 

and  siiftcniuf;.     They  occur  principally,  but  not  exclusively,  in  hyaline 

cftrtilii^. 
Fattp  deposit  may  commence,  as,  for  instance,  in  the  human  costal  cartil- 
e,  even  in  infancy  (fig,  164  <i,  b).    We  tirst  remark  very  small  iiolated 

_  bbnles  of  oil,  whicli  eitlier  lie  sejiarately  in  the  body  of  the  cell  or 

grouped  arriund  the  nucleus,     On  their  becoming  more  numerous»  they 

COftlf^ee,   forming   drops  of 

greftier    magnitude,    which 

either   lie  in   the  cavity  of 

the  cell»  without  order,  or, 

more   frequently  stul,  they 

ao  envelope  the  nucleus  thut 

it  cannot  l>e  recognised  with- 
out the  aid  of  reagents.  Thus 

it  was  that  that  view,  held  by 

earlier   author^j    originated, 

liainely,    that   the    nucleuj^ 

could  itwlf  bo  tranfiformetl 

into  an  oibglobulc.     Should 

the  prK*cPss  arl  vance  very  far^ 
•almost  the  whole  cavity  <if 

ilie  cell  may  eventually  \m 

i>cenpi«.Ml  by  one  large  lirop 

of  oil,  ora  swanu  of  globulus, 
Cahiß^xitiun  of  cartilagi* 

noufl    tissue    iä    essentially 

diifi^rent  frpm  true  oa^siliea- 

tii>n*  thtit  isp  from  the  for- 
mation of  genuine  bony  a ub* 

ftance  containing  peculiar  cells,  although  both  processes  were   forfnoily 

GOnfoundod  with  one  another. 


'^^  as^ 


\ 
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f  lit,  IM,— Co*rfti  eartilAK«  nf  %n  \Rfmt,  tr*n»feT»fly  cOL 
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We  now  know  that  cartilage  Imrdly  ever  becotnes  bony  tksne»  but  on 
being  calcified,  it  \\m  rather  uttained  the  end  of  its  coiirse,  and  neithor 
gmwa  nor  is  further  developed  in  any  other  manner.  In  this  form  it  may 
exist  for  a  lüuger  or  shorter  pencHl,  and,  in  mimy  of  the  Inwer  ftuimals,  the 
whole  life  through,  or,  more  frequently  stilly  it  may  undergo  a  rapid  re-solu- 
tion, in  order  to  make  way  for  um  formatiou  of  true  osseous  tissua 

We  are  indebted  to  Brueh,  but  more  even  to  H^  Mailer^  for  having 
fijit  enlightened  ui  as  to  the  right  way  of  viewing  these  processes. 

In  some  rare  cases  it  h 
the  cells  (a-tf)  which  are 
first  affected  by  calcific»* 
tion  {%  165)»  but  more 
commonly  the  ground* 
mass  (/)»  Later  on,  wo 
see  both  parts  equally  at- 
tacked by  it,  or  perhaps 
the  process  may  oon- 
fitiB  itself  principally  Ui 
the  iiitercellidar  sub* 
stance.  This  process 
consists  in  the  dej-Kisit 
of  either  linely  granular, 
or,  what  is  more  rare,  of 
coarser  crumbs  and  mole- 
cules of  the  salts  of  lime. 
The  tissue  becomes,  owing 
to  this,  more  and  more 
opaqne,  until,  finally,  it  is 
^o  in  an  extreme  decree. 

Touching  the  cartilage» j 
cells,  those  whose  cap 
sules  are  apparent,  stiJl  i 
M*ell  as  those  where  the  latter  have  bei^n  mei^ged  into  the  ground  eul 
atance,  may  become  the  seat  of  the  deposition  of  lime-salts.  Thinly  cap- 
aiiled  cells  show  ijj  the  molecules  njore  on  tho  interior  of  the  env^ 
lope,  or  perhaps  in  its  cavity  also  (e).  If  the  capsule  be  stroiiger  {'^  b,  e\ 
it  IB  impregnated  with  calcareous  salts,  while  the  real  cell  usually  re  mains 
aoft.  When  daughter- eel  Is  are  present  {g^  above),  w©  frequently  iM^mark» 
beside  the  calcification  of  the  pa  rent- capsule,  a  deposit  of  sails,  in  tb« 
layers  of  the  secondary  envehipes. 

If  the  deposition  take  place  rt^gidarly  in  the  ground  stibst^ince,  the , 
granules  of  lime  are  (especially  at  first)  arranged  in  gnmps  arouDd  tbi 
t^ells  ^iig»   165,  17,  below,  and  \^^^  a).     Later  on  their  arjiauui  increases  i 
more  and  more  in  the  rest  of  the  matrix  (lig.  160,  h^  c^  d)  nntil  at  la^t 
they  may  appear  heaped  up»  molecule  on  molecule,  in  the  closest  coiit«ct 
with  one  another  (fig.  165,/). 

This  calcification  of  cartilaginous  tisdue  occurs  in  the  first  plac(>  to  a 
very  great  extent  in  tlie  embyronic  and  earlier  periods  of  life,  appeariftg 
there  in  the  falsely-called  ossification  of  cartilage.  Cartilage  of  tili» 
kind  soon  becomes  dissolved^ 

On  the  other  hand^  this  same  process  appears  subsequently  as  an  ordi- 
nary occurrence  in  the  so-called  permanent  cartilage  of  later  life ;  for  in- 
itance  in  that  of  the  ribs  and  larynx.     Calcified  u  a  asses  of  tho  last  kind| 


F(|r.  IB-V— Dl*^ramTniitJe  ikvtch  nf  culdfted  «^rtUaf«,  n,  A  c»p- 
kuTi^  wLeIj  thick  whUh  nntl  ihriir{*31t>d  c^nten'»;^  &,  jiiiothcr,  vriili 
diQcliif:r<>t^lW;  *.  »1th  very  Oitck  waHn  ;  (l^vciy  iniii-ktHMyciilcU 
n&h  **  cell  wtth  at?t1ii  irtPinbrnnö  ühderi^ohig  c.nklllcKtii.Mu  / 
H  pl««e  of  €ArrllH|;(>  wjrh  m<^lectilet  of  lLiTt(^betwei?n  ^nd  Kruiiiiil 
the  ccllt;  ^.  Afiothei'^  Jn  which  tlia  itnnulcft  iturrfniDd  tho  veW 
iDom  c>oin]äutol/. 
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nndetigo  «oJution  at  certain  pointsj  aud  «how  a  ntw  fürioatioii 
of  t>one  in  the  spaces  which  bave 
th  us  been  fo  rmed.  Eti  1 1  he j  may 
äIbo  (a&d  iLia  ii  most  frequentiy 
l>ie  cose)  remain  in  tbis  aamo 
condition  to  tbe  end  of  life. 

It  i&  not  alone  in  hyaline  and 
streakf  cartilage  that  oalciHea- 
tion  m  met  with;  it  appears  also, 
tliough  less  frequently,  in  the 
t^tieukied  species,  . ..  ^^^^f^K_  ^^BHfiBI^^^^^^/ 

So/teningf  the  laat   of  these     -^^—^  ■»  m    ;;.-y«i"i"ii    nm     . 

tmns formative  proeessea,  mny 
affect  either  calcified  or  the  mit 
and  still  unchanged  tissue. 

In  tlie  latter  it  occurs  io  the 
first  pLice  very  extensively  in 
the  t45fnpüfary  cartiU^nons  por-  ^^ci\c** 
iions  of  tbe  Bkelüton,  during 
fcuttU  lif«,  or  in  early  infancy, 
hiit  may  appear  likewiae  in  oldt^r 
|kefniani'Xit  cartilage,  thougli  not 
a»  a  regular  occurrence.  The 
first  step  of  the  proce««  ia  a  kind 
of  colloid  softening  of  portions 
of  the  matrix,  taking  place  at  iso-  fi^,  m— c«r  1:^« 
'lik^t  puinta  in  the  interoellukr 
tuhäUncBf  attackiTvg  the  walls  of 
the  capsules  situ^tted  here  in  its 
further  progress,  and  forming 
cavities  into  which  the  cartilage  cells  or  their  descend  a  uta  find  entrance. 
In  consequence  of  this  process  of  liquefaction»  a  system  of  canals  may  he 
formed,  which  may  either  open  externally  towards  the  perichondrium,  or 
enter  into  communication  with  the  passages  of  a  neigh  houring  portion  of 
Itone  containing  vessels,  which  soon  make  their  way  into  the  interior  of 
the  cajtiJage,  and  may  be  recognised  there.  In  the  mass  which  fills 
up  these  sinuses  in  the  cartUagCj  we  have  tlie  he  fore-mentioned  medullary 
cellf  (p,  171). 

The  process  of  liquefaction  of  a  p^rttou  of  already  calcified  cartilage- 
tissno  it*  of  a  precisely  similar  kind, 

5  107. 

In  inquijing  now  into  the  mode  of  occurrence  of  the  several  varieties 
c>f  cartilage,  the  following  facts  as  regards  the  ho  man  body  may  be  remeuv 
bereil, 

Hijaline  cartilaginous  matter  (partially  fibrous,  softened,  or  calcified, 
however,  after  a  certain  age)  forms  the  ru<]imentary  skeleton  in  the  foetus, 
tbut  is,  the  severai  portions  of  the  vertebral  colttmn,  of  the  thorax  (not  ex- 
cepting the  clavicle),  of  the  shoulders,  of  the  pelvic  bones,  and  in  addition» 
many  c^f  those  of  the  head.  In  the  adult  this  hyaline  texture  remains  in  the 
cnrtllages,  clothing  the  ends  of  the  bones  entering  into  the  formation  of  arti- 
euiations  (with  the  single  t?xception  of  the  maxillary).  It  remains  in  the  car- 
tilages of  the  nose^  and  the  larger  ones  of  the  larynx,  namely,  the  thyroid 


rrom    fyiii|ihyp{4   of   ft  wfmuiB 
one  hun^lit-tt  yf-m-«i  of  «ij:«»,  untierituinR  cnJclflcatHiii. 

ciiiieB  of  iinic-iiilt»:  6t  c*  4i  »nrv  topiituji  dapoüt  In 
Mm  Intärcfüihtlur  unbitAiieai^  tud,  arvimd  the  teilt;  r< 
true  tionj'  tlMuc. 
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and  cricoid,  but  only  partly  in  t^e  e.  anjimmdm.  Again,  in  the  lialf  fitig^  ^ 
of  the  tracbea  and  broucbi,  as  well  33  in  the  costal  cartilages,  and  ensi* 
form  process  of  the  sternum.  Finally,  in  the  symphyses,  and  equivalent 
hgamenta  hdeiTeftehraUfij  a  thin  layer  immediately  in  contact  with  the 
bone  is  to  be  fomni,  wliich  consiBts  of  genuine  caxtilaginous  matter  with 
homogenous  intorcolJukr  substauce. 

Of  tha  numeroui  parts  formed  of  this  tissue  some  deflerve  special  notica. 

The  TudimentaTif  caHllwßnmis  nkdeton  of  the  fo&tus  presents  at  first 
small  roundish  simple  cells,  closely  crowded  together,  with  Yesiculär 
nuclei,  and  situated  in  a  scanty  soft  ground-substance*  Should  michj 
a  cartilage  have  reached  an  age  at  which  it  is  about  to  fall  a  prey  to 
advancing  osaihcation,  the  interceHular  matter  is  seen  to  have  consider- 
ably inci eased.  The  cells  have  also  increased  in  size,  especially  towards 
the  line  of  commencing  ossification,  at  the  same  time  thnt  their  capsules 
cannot  be  said  to  have  become  thickened.  Endogenous  multiplication 
ha?  produced  here  a  large  increase  also  in  their  number.  The  daughter 
ceUs  s(y  formed  are  *now,  as  the  saying  is,  free,  in  that  the  capsule  of  the 
parentrcell  is  merged  into  the  ground -substance,  which  is  either  homo- 
geneoQS,  fibrous^  or  streaky.  They  now  lie  either  in  long  rows  one 
after  another,  frequently  compressed  into  an  obliquely  oval  form,  as  in  the 
middle  portion  of  a  gr«jwijig  hollow  bone  {in  the  ao-called  "direction"  of 
cartilage-cells),  or  they  appear  in  irregular  groups^  as  in  the  epiphyses 
and  short  bones.     The  cartilage  has  now  beconie  vascular  besides. 

Articular  cariliages  arai  thin  coverings  for  the  ends  of  bones  entering 
into  the  formation  of  joints.  When  hrmly  united  to  the  hone  at  their 
under  surface,  they  represent  the  remainder  of  the  original  rudimentary  car- 
tilage, which  has  not  given  way  to  the  encroachments  of  ossification.  Thiir 
superficial  portions,  lying  free  in  the  cavity  of  the  joint,  contain  small  btit 
strongly  liattened  cartilage  cells  measuring  0-01 13-0*0178  mm.,  crowded 
one  over  the  other,  in  a  way  that  reminds  us  (when  seen  in  vertical  sec- 
tion) somewhat  of  laminated  epithelium.  Further  down,  or  at  a  greater 
depth,  w(]  ^ü  the  cells  in  the  growing  substance  separated  somewhat 
more  widely  from  one  another.  They  lose  at  tlio  same  time  the  flat- 
tened appearance,  becoming  taller  aud  larger,  increasing  to  0  0156— 
0*0282  mm.  and  upwards,  with  nuclei  of  from  0-0065^*0090  mm.  At 
first  they  are  piled  without  arrangement  in  heaps  over  one  another ;  but 
deeper  in  the  vicinity  of  the  bone,  they  group  themselves  into  long  row», 
perpendicular  to  the  surface  of  the  latter.  The  remainder  is  made  up  of 
b^s  of  calcitjed  matter.  In  the  large  cells  of  articular  cartilage,  daughter- 
cells  are  frctjuently  present,  while  fatty  globules  are  occaaiiinaUy,  hut 
rarely  met  with. 

The  Cf^iftl  mrtihig€9  have  been  frequently  described  by  histologiata  as  the 
beat  examples  of  hyaline  structure,  htit  incorrectly  so  on  account  of  their 
various  transformations.  In  the  new-born  infant  there  apjiear  in  a  com- 
pletely homogeneous  ground-substanco  (fig,  167)  l)eda  (a)  of  small  cells 
(parallel  with  the  surface)  like  rents  in  the  matrix,  which  have  a  delicate 
outMne^  and  which  contain  nuclei  of  alxjut  0  0056  mm«  in  diameter.  The 
length  of  these  cells  is  U'OOOS-O^OISO  mm. 

Their  contents  are  cither  quite  transparent  or  dotted  with  a  few  very 
minute  oil^lobules  of  about  0  0018  mm.,  or  even  less  in  diameter*  More 
internally  we  encounter  a  number  of  generally  narrow  oval  cells,  Bom»- 
times  reniform  or  wedge-shaiwjd,  placed  in  every  position  as  regard«  on« 
another,  while  in  the  dcejiest  portions  of  the  costal  cartilitges,  the  largest  and 
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Fig.  ]fiT,— i>5tai  tarr»: 
b,  lTil«rtiiil  pioiiiijii,. 


0^'     f:/ 


i  xt  I  be  |»ridti]ii4r]iim ; 


^iöSftil  ceUi  {^)  are  to  be  found,  sam«  of  o\^al  or  spherical  form,  and 

iliamcter  of  0*0iC9"0'0282 

mm.      Capsules  are  either 

0ot  at  all  yiaible,  or  only  so 

in    the    form    of    delicate 

haio9,  aud  within  the  latter 

we  find  at  most  one  pair  of 

öo-caUed  daughter-cells. 

If  we  now  examine  the 
eaine  cartilage  in  an  adult 
or    oldor     individud    (tig. 
1  ^8)f  wert»nmrk,  particularly 
in    the    internal    portions, 
.isolated    whitiali   or  wliite 
puts*  wliero  tlie  tbdue  pre- 
ents  a  silky  gloss  or  appear- 
ance   iik«  ashestos,  in   tho 
midst  of  tliö   more   tmna- 
j«wtint  onlinary  ground-iub- 
BiilAnce  (a).  Undt-T  tlie  micro- 
cope  wij  find  the  tissue  tu  ht? 
'Ijcr«  fibrous  (<;),  and  indeed 
most   regidäirlj  so  :  we  see 
tiff^    «rowjod    bundlL*3    of 
Ihres  running  parallel  with  one  another,  and  booming  lost  m  the  neigh^ 
hoiiring  ground  niEiaa.     Th&se  do  not  pale  on  treatment  with  acetic  acid. 
Again,  in  many  localities  the  iiitercelhdar  substance  appears  gnvnidar  and 
clouded,  in  others  cleft  or  further  split  up  into  bundles  (//). 

Here  also,  in  tTanäverse  sections,  we  meet  with  «mall  Aattened  cari[]agf>< 
cellsj  close  under  the  surface,  arranged  an  several  layers,  and  without  anv 
capsules  OF  so-eaHed  daughter  cells,  limy  he  in  the  UHual  manner  with 
their  long  axis  pamllel  to  the  edge  of  the  cartilage*  Beeiier  down  the 
cell**i  which  are  stili  in  general  of  but  small  dimcns^iuns,  tike  up  an  irrt** 
gnlar  position,  becoming  gradually  l>roader  nnd  larger.  We  may  meet 
rith  »orae  towartia  the  centre,  measuring  0  0750-d'115O  mm-  At  the 
ime  timCj  the  position  of  the  elements  either  remains  irregular,  or  they  may 
""be  more  or  less  arranged  in  radiating  lines.  Here  we  tind  the  daughter- 
cells  also  more  numerous  (f/,  e^  /). 

I'he  celk  found  in  the  portions  whicli  have  become  tibrous  may  lie 
enormously  large^  attaining  in  some  cases  a  diameter  of  O'H23-0  2256 
mm.  They  are  of  rnundish,  oval^  or  elongated  form,  with  whole  swanim 
of  endogenous  cells,  20,  2r>,  or  30,  or  even  60,  as  Dr/mhr»  once  saw, 

( 'apsnks  are  of  very  ordinary  occurrence  around  the  cells  in  the  more 
ititi  rnal  portions  of  the  costal  cartilagca.  They  are  of  yarying  hut  gene- 
mi  ly  considerahle  fchi<?kneÄa  (/),  and  appear  at  one  time  distinctly  marked 
off  esttenmlly«  at  another  blending  into  the  surrounding  ground-substance. 
In  other  cartilage  cells  this  cap&ule  system  cannot  be  distinguished  opti- 
cally from  the  snrronnding  matrix  {d),  or  has  developed  into  fibres  (e). 

The  large  amount  of  fat  which  (commencing  at  birth)  has  been  gradu- 
idly  aecumuUted  here,  iij  also  very  remarkable.  Here  may  bc^  seen 
larger  or  smaller  globules,  which  coalescing — Kspecially  in  the  neighbour- 
hood of  the  nucleus — nmy  fretpiently  envelope  the  latter,  so  that  we  have 
apparently  to  do  with  a  drop  of  oil  in  its  place. 
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Again,  proceeseä  of  liqueffurtian  and  calcifies t ion,  as  well  ai  iudpieiil 
tisstücationi  are  of  common  occurrence  in  the  costal  cartilage«  of  elderijp| 
individuals. 

Xow,  concaniing  the  liyalinR  cartilages  of  the  larj/n^,  we  observe  in 
the  larger  ones,  namely,  in  the  thyroid  and  cricoid,  many  layara  of  gmall^ 
and  narrow  flattened  celK  immediately  beneath  the  perichondrium,  lying 
in  a  homogeneous^  or  occasionally  streiiky  ititercelitilar  aubatanee»  acootd- 
ing  to  the  direction  of  the  cells. 

The  innermost  layers,  containing  daughter-cells,  on  the   other  hand, 
pT>eAent  ki^^e  and  distinct  cartilage  ceUa  with  thickened  walla     In  older 
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rVif.  158. — Tiuö»¥e«o  iKtluit  of  ths  ocuit«!  ckrtltnire  ol  «n  old  ih«ii.    a,  I. ^-„^^ ^^  „^__„- 

^ance,  wtudt  b>»  beemiiD  itTliied  ftt  A,  »nd  hut  brokrti  tnto  fltti^i  at  cf  eurtditfiMsäQi^äiM  d 
H«fu  po«iäii(nff  <br  the  motft  pan  thlek^oed  aipiuleA,  At  cjl  m(I  <.  two  UrgvpmniNEeili  nrlui  i 
nmi  offtpiiiig;  kaoHier  al/,  with  wi'll^ci'ulopcd  LftiDln«  in  the  Crinale. 

subjecta  the  intermediate  matter  may  be  libraujä  or  banded;  deposit  of 
fat«  in  the  cells  is  also  of  frequent  occurrence  here.  Between  tlu^se  two 
Iiortions;  again,  is  situated  a  thin  layer  of  larger  cells,  whose  intermediate 
substance  appears  granularlj  clouded  (Rheiner).  Calcified  portionj,  with 
iinely  granular  calcareous  matter,  are  also  very  commonly  met  with  in 
older  indiviilualü  ;  and  true  ossification  is  also  seen.  The  half  ringa  of  the 
iQ^hea  correspond  with  these  two  cartilages  in  all  essential  particulars  of 
texture. 

The  texture  of  the  arytenoid  cartilages  is  of  great  interest,  constitut* 
ing  as  it  does  an  intermediate  form  between  that  just  mentioned  anil 
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elifcstic  cartiJage*  Iii  iome  parU,  namely,  tbc^e  are  honiogeneous,  and 
then  hi  others  again  the  intercellular  subatauce  ia  tmvet^d  hy  elastic 
Hbr«$,  T'be  Uiit^v  may  be  seen  in  the  p^rocßSimji  tmctAlitf^  and  at  limes  in 
the  tii^s. 

5  108. 

Elastic^  Tciicular  or  fibro^eHcuIar  cartilüges  (fig.  169)»  which  are 
remai-knble  for  their  mlher  yellowish  tint  und  great  üpiicity,  ipring 
from  the  hyaline  cÄrtihigo  of  the  fcet^l  body*  TIj©  dtvelopment  of  their 
elastic  libriUfttion  reminds  us  thus  of  the  formation  of  the  chondtin- 
yieldiii;»  fibres  of  hyalin©  cartilage.  It  must  h«  remembered,  however, 
that  it  i»  a  process  which  belong  to  the  earlier  perioda  of  ]Ife,  whilst  the 
appejirance  of  fibres  trontaining  chomlrin  is  an  occurreBce  of  a  later  time. 
In  yourjg  bodies  the  originftUy  homogeneoua  constitution  of  the  cartilage 
«jay  remain  nt  particubr  poinU,  ©specially  in  the  Ticinity  of  some  of 
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Flff.  l«9.-*R*(lctiljir  firtüftitr  fmtn  the  ear  or 


Fk.  170— rthm-retlculmr  ciirtW 


the  eartilaj^e  cells^  The  ^brea  are  at  one  time  thin  and  delicate,  at 
another  tlark  and  irregularly  l>ordered,  with  a  very  intricate  course,  reti- 
cutated  or  tangled  like  the  fibres  of  felt*  Wherever  this  fihriilation 
]ä  very  strongly  prono\inced,  the  cells  may  be  concealed  to  a  great  extentj 
US,  for  instÄHce,  in  the  epiglottis  (fig,  170)^  and  pinna  of  the  human  ear. 
Tbe  proportioQ  of  inte  reell  alar  substance  to  the  cells  is  ako  subject  to 
i^reat  variation,  to  snch  an  extent  at  timoa  that  the  latter  may  in  on« 
instance  be  separated  from  one  another  only  hy  narrow  beUS}  or,  on  the 

^thef  hand,  by  a  large  quantity  of  interposed  matter.     The  übres  are  those 
elonging  ti:i  the  elastic  series,  with  the  eharai'temtic  power  of  resisting 

'^he  action  of  reagenta.  They  take  their  rise  through  an  immedbte  meta- 
iDorphosis  of  the  homogeneous  blastema  witliout  the  intervention  of 
oellSf  as  is  indicatei^  by  the  fact  that  in  the  human  arytenoid  cartilages 
the  homogeneous  ground-substance  is  immediately  continuous  with  the 
fibrous. 

l*he  cells  of  reticular  cartilage,  which  vary  greatly  ns  to  form  and  size, 
are  easier  of  isolation  thnn  those  of  the  hyaline  tissue.  They  are  uaiially 
scattcreil  without  any  definite  arrangement,  although  we  may  find  in  the 
peripheiid  portiofia  of  the  epiglottis  small  narrow  element?,  aa  in  perma- 
ncint  hyaline  cartUage.  The  cells  of  reticular  cartilage,  farther^  are  often 
remark  able  for  pos^sessing  less  delinite  capsules  and  a  less  marked  ten- 
dency tn  the  production  of  daughter- eel  Is.  The  nuclei,  whic^h  are  either 
smooth  (in  wliic^h  case  they  contain  a  nucleolus),  or  granulär,  occur  there- 
fore single  as  a  rule,  or  more  rarely  in  pairs.  In  the  body  of  the  cell  or 
round  about  the  nueieus  fat  may  also  be  met  with  here. 
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Amang  the  cartilages  of  the  Jiumjui  bocl}-  whith  have  a  thoroughly 
Bolid  reticukT  intercellukr  substance,  maj  be  numbeted  certain  portioni 
uf  the  resf»initory  apparatus,  imnielj,  the  epiglDtti»,  the  cartiliigea  of 
Wrtsberg  and  Santorinit  the  Eustachian  tube  and  pinna  of  the  ear* 
Further,  a»  having  a  partially  tibrous  blastema,  the  arytenoid  caitüageft. 


and  intenxrtebral  ligaments. 


§  109* 


We  have  now  to  enter  on  the  considemtion  of  a  third  apeciea  of  this 
tissue,  namely,  of  the  conrieciive-tissiw  cartilage,  or,  us  it  haa  heen  lese 
happily  termed,  ßbroairtila^e  (fig,  171),  This  may  be  looked  upon 
as  a  hyaline  cartilage  whose  abundant  matrix  has  developed  int-o  fasci- 
culi of  eonnective-tissue,  or  as  a  «olid  epecies  of  the  ktler,  through 
which  cartilage  cells  are  scattereiL  The  iact  U  that  it  i»  usually  a 
mixture  of  connective-ti^'^sue  aud  cartilage.  Like  conDective^isBue,  it 
contains  elawtic  fibres  as  well  as  the  cells  of  this  tissuej  known  aa  con- 
necttr&-tiiiaue  corpuscles.  Between  the  latter  and  many  cartilage  cella 
there  occur  iu termed iate  forms,  so  that  fihro-cartilage  may  pass  into 
oi-dinary  connective- ti&sue  without  any  line  of  demarcation,  especially  at 
those  point«  at  which  it  becomes  poor  in  cells. 

On  tlie  other  hand,  Ita  hearing  ai 
cartilage,  with  connective- tismie  n^atrix,^ 
appears  clearly  in  tlie  intervertebral  liga- 
Dients,  where  we  find  close  to  ]Kjrtions 
which  are  hyaline  in  texture  other  points 
where  the  matrix  is  obscurely  fibrous,  and 
continuous  witli  a  substance  which  is  t^vi- 
dently  connective-tissue. 

Fibro-cartUage,  which  is  brought  espe- 
cially into  use  in  the  construction  of 
joints,  appears  to  the  it u aided  eye  of 
whitish  or  slightly  yellow  colour,  and  to 
possess  a  texture  sometimes  solid  and 
fiometitnes  rather  soft.  It  is  mor^  exten- 
sible, further,  than  ordinary  cartilaga 
Under  the  microscope  we  find,  iDsteAd 
of  the  homogeneous  matrix  of  hyaline  cartilage,  connective- tissue  with 
fibres  »ometimea  more  indistinct  than  at  other  times^  when  they  may 
be  very  sharply  defined.  The  bundles  are  usnally  crossed  in  all  dirtjo 
tions  confusedly.  They  may,  however,  preserve  some  definite  direction  on 
the  other  hand,  while  their  optical  and  chemical  bearing  is  quile  that  of 
(jrdinary  connective- tissue  (see  helow),  As  to  the  cartilage  cells,  their 
proportion  is  in  general  but  sniuli»  and  fretiuently,  indeed,  very  incon- 
siderable, so  that  they  require  to  be  searehed  for*  Tlie  aim^  fuither, 
of  the  cells  is  also  small,  and  their  whole  constilution  simple,  the  out- 
line being  usually  very  delicate,  and  the  nucleus,  as  a  rule,  single.  Cells 
with  two  nuclei  are  rare,  and  those  containing  daughter-cells  apparently 
do  not  occur  at  all.  Fatty  infiltration  likewise,  which  is  so  common  in 
other  species  of  cartilagt^,  is  hero  of  rare  occurrence.  The  position  of 
the  cells  is  also  liable  to  variation.  They  are  either  without  arrange- 
ment or  crowded  together  in  small  groups^  or  again,  arranged  otid  after 
another  in  rows.  The  latter  position  corresponds  with  the  dir^tlon  of 
the  fibres  of  tlie  tiBSue, 
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Coiiaeciive-tiasiie  carti]ag{>s  possees  veaaeb,  but  only  in  ^umll  num- 
ber 'f  but  as  to  the  prt*at.*iioe  of  nerves,  we  iLre  as  yet  unable  to  slat©  anj- 
thing  cert^iiii. 

Amoug  theru  the  cartikgea  of  the  ey^^-Uda  may  be  reckoned,  of  which 
tbö  uppei  appears  to  be  richer  in  cells  than 
the  lower,  which  has  but  ft»w  of  the  ktter 
( Gcriach) ;  further,  the  €.  iniir.ew  of  the 
iaryox,  which  may,  however,  consist  of  hya» 
line  eöbstance  (Hheiner)  ;  then  the  c  inicr- 
iJtHirtilar&it    m  well  sla   the    bo  called   labra 

it:firtUat/inea  of  certain  joints,  with   the  car- 

I  tilaginous  kuotä  fuund  in  tendons.      As  a 

[nde^  it  «eems  to  he  part  of  the  conipoölte 
character  of  the  iibroHrartilages,  that  struc- 
tures formed  of  pure  connective-tissue  may 
be  trausformed  at  points  into  the  varieties 
of  the  tissue  in  liuestion  hy  the  imbedding  of  cartilage  cells.  This 
18  the  case  in  the  terminal  |.)ortions  of  tendons  where  they  are  inserted 
into  bone,  as  well  as  many  parts  of  their  sheaths  (KüUik^ir). 

Finally^  tibro-cartilago,  epringiogp  tnoreover,  continuously  from  the 
hyaline!  apjaears  in  the  symphyses  and  eo-called  hijif-joijitsj  which  have 
their  origin  in  the  iiqnefactiuu  of  the  central  portion  of  solid  masses  cou< 
nee  ting  bou^  (Lu^hka). 

Among  the  latter,  those  most  worthy  of  consideration  are  the  sym- 
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physes  of  the  vcrl«brn,  so  frequently  the  subject  of  investigation,  the  so- 
,  called  ligamenia  intermrfehratia,  about  which  Ltischkn  has  imparted  to 
t  woth  valuable  information. 

They  pft?Beut  Ihemselv^a  m  solid  conuecting  plates  between  the  bodies 
of  the  vertebra  (Jig,  1 72),  taking  their  rise  conttnnously  (at  least  at  their 
cireumference)  from  a  layer  of  hyaliue  cartilage  which  clothes  the  surfaces 
of  the  bone  (c).     They   each  consist  of  a  fibrous  ring  externally  (&), 
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that  U,  of  concentric  portions  of  fibroua  tmm  CTosamg  each  other  per- 
pendicularly and  obliquely.  This  ring  has  ßometimes  the  character  of 
Simple  connective  tisBU«,  sorntitiniea  that  of  an  elastic  or  tibro-cartllage. 
The  central  portion  m  mi\  anil  often  pofisesses  a  cavity  containing  a  jelly- 
like  mass,  the  ao- called  gdatimm^  or  pulp  nucleus  (a).  This  is  made  up 
in  the  adult  of  ragged  proceasea  of  the  peripheral  übroug  caitilage,  which 
lie  closely  crowdi^d  together,  leaving  in  their  midst  a  cavity  iUled  with 
gelatinous  matter. 

While  the  pulp  nucleus  resembles  more  and  niüre  the  tibroiia  ring  na 
it«  solidity  increases  at  an  advanced  period  of  life,  it  shows  a  very  dif- 
ferent bearing  in  the  infant  and  foetus.  Here  (lig*  173),  at  an  e^irlier 
embryonic  cjKich,  the  origin  of  the  nucleus  is  quite  manifest  It  takea 
its  ri.'^,  namely,  from  the  exuberant  growth  of  the  residue  of  a  uudimentary 
fcetal  structure,  the  chorda  dorsalu  [Luschka)^  Tins  latter,  which  per- 
siatt  among  the  lowest  animala  for  a  part  of,  or  the  whole  of,  life,  pre- 
sents itself  as  a  cylindrical  rod  bltmted  before  and  lining  off  to  a  point 
posteriorly.  It  posses  from  the  base  of  the  skull  down  to  the  lower  end 
of  the  vertebral  column  in  the  place  of  the  bodies  of  the  bones  making 
up  tiie  latter. 

It  consists  of  a  tissue  which  may  be  perhajis  classed  among  the 
cartilages,  formed  of  transparent  cells  crowded  close  together,  and 
enclosed  in  a  homogenous  envelope.  The  chorda  dorsalis  dL^ppeara 
almost  en  tired  y  with  the  formation  of  the  cartilaginous  base  of  the  ekull 
and  vertebral  cohinm.     Howevi*r,  tn  the  intervertebral  ligaments  there 

remains  a  space   filled   with    the 
'        t     $  ^  characteristic  cells  of  the  notochord 

(ji),  which  may  even  extend  into 
the  body  of  the  vertebra  tbemselvea. 
Thus  we  see  it  in  the  embryo  of 
ten  weeks  old. 

In  the  fee  tu  ä  in  the  fifth  month 
(fig.  174)  we  find  here  again  very 
similar  cell?«,  with  a  single  vesicular 
nucdens,  and  about  0'0136-Ü"0180 
m  m.  i  n  d  iame te  r,  Fr om  th  eje  ( 1 ,  a ) 
there  are  gradalions  up  to  some  of 
O'Oilv?  mm.  and  upwards, in  wdiich 
we  encounter  double  and  quad- 
rupled nucleijoreven  still  moTo(M)j 
or  th©  same  number  of  endogenous 
cells  (p^  d).  Beside  these,  spring- 
ing froui  the  fürth er  growth  of  sueh 
parent-eeUs  very  large  bodies  are 
ntet  with,  measuring  up  to  0*112ti 
n^m.,  of  tough  constitution  and 
transparent  appearance.  They  ar« 
partly  (illed  with  distinct  daughter- 
cells,  but  principally  with  extreme- 
ly numerous  transparent  globulea 
of  a  metamorphosed  aJbumtnoua 
substance. 

In  the  still  infantile  body  we  meet  with  the  samo  struct orea  with  a 
tough   envelope   (the   thickened   parent  capsule),  which   may  attain  a 
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diamotar  <»f  0*0226  mm,  (4.5).    Other  ömalk^r  bodies  of  tliis  kind  (3)  still 
bear  clearly  the  characters  of  large  parent-cella. 

Th^m  gelatinous  collections   of  oelb  exist  tbroiigbout  the  first  year 

^^r  birthj  and  then  appear  to  fall  a  prey  to  the  ceutrLfugnl  grgwlh  of 

lie  tibrijus  ring  encroaching  on  them. 

I  no. 

In.  the  chemiail  investigation  of  cartilage,  the  variationa  corresponding 
to  the  clilfepent  forms  in  which  the  tissue  make^  ita  appearance  should  be 
taken  into  account  It  ought  to  be  asoertained  (a)  of  what  siibßlanoes 
the  cartilage  cell,  with  its  serejal  parts,  consists  ;  (5),  whut  matters  üiitür 
into  the  composition  of  the  system  of  capsules  and  the  aubstanco  ccnienting 
them  together ;  (c),  how  far  the  youngest  layers  immediately  surround- 
ing the  cells  differ  from  the  older  ones,  which  Ibrm  the  apparently 
structureless  matrix ;  {d),  how  far  t!ie  composition  of  the  latter  change« 
•ocording  as  it  remains  homogeneous  or  becomes  granular,  and  like- 
wiäfl  on  the  appearance  of  elastio  fibres  in  it  In  chemical  examina* 
tio«  wc  should  be  able  to  follow  up  (c)  the  changes  which  the  composi- 
tion of  cartilage  undergoes  in  the  physiological  metamorphose«  of  the 
tissue ;  and,  linallj,  the  fluid  saturating  the  latter  should  come  within 
the  mnge  of  inquiry,  and  we  should  look  in  it  for  the  products  of 
the  iransforraations  g*>ing  on  in  the  tissue.  Unfortunately,  however» 
these  requirements  cannot  be  met  by  any  meana  in  the  present  state  of 
seience. 

If  cartilage  be  treated  microcheraically,  we  immediately  recognise  the 
fact  that  it  belongs  to  the  tissues  which  are  not  very  nintable.     In  cohl 

Iter  it  shows  but  litUe  sensibility,  with  the  exception  of  the  bodies  oi 
cells,  which  rapidly  shrink  up  <§  104).  Acetic  acid  ha^  the  same 
^letiOQ  upon  the  latter,  but,  like  other  weak  acids,  has  no  effect  on  the 
whole.  Even  sulphuric  acid  and  strong  solutions  of  potash  are  resisted 
for  a  remarkably  long  time  by  the  colls  of  cartilage  (Duuder»  and  Mulder). 
*i%e  latter  may  be  obtained  in  an  isolated  condition  by  maceration  in 
hjdrochloric  acid  {Virrhotf).  AVith  sngur  and  sulphuric  acid  the  cells 
aa^m6  t^  red  colour,  while  the  intermefliatö  substance  of  hyaline  cartil- 
age becomes  yellowish  red  (JSchidt^).  The  nuclei  also  appear  ditlicult  of 
nolation  as  a  rule.  It  is  otherwise,  however^  with  the  intermediate  sub- 
stajice.  This  may  be  dissolved  by  long-continued  boiling  in  M'ater,  after 
from  twelve  to  forty-eight  hours^  and  yields  chondrint  it  consists,  there- 
fore, of  what  is  known  as  choudrigen.  The  microscopic  examination  of 
the  dissolving  tissue  during  this  pmcess  is  a  mntter  of  some  interest 
The  cells  reaist  the  solvent  action  in  the  most  determined  manner^  and 
•fe,  therefore,  not  formerl  of  chondrigen  or  any  of  the  other  glutinous 
oompounda  It  is  no  proof  to  the  contrary  that  they  are  euliscquently 
fliJiotved.  Again,  the  lamime  of  the  capsules  immediately  adjacent  to 
Ute  ceUa  reaiai  the  action  of  boiiing  wal^r  longer  than  tha  rest  of  the 
ground ^»ubstance.  They  do  not^  therefore,  possess  the  same  composition, 
tiiough  they  may  be  said  to  yield  chondrin. 

The  eame  difference  also  is  manifest  in  the  granules  of  cKondrigenous 
cartildge. 

The  granular  clouding  of  the  gr^m»vd-su Instance  does  not  disappear  on 
treatment  with  acetic  acid  or  ether,  but  does  so  in  a  warm  solution  of 
potash,  ätid  on  heating  in  dilute,  hydrochloric,  and  sulphuric  acids. 
IS 
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Theae  granules  ©apecmlly  are  coloured  red  when  heated  with  MtUmt^g 
reagent  {Rhdmr),  Tim  iibr&s  of  hyaline  cartilagJnoua  iUsue  yield 
ehondrtn  likewbo,  as  f^ir  as  we  can  gather  from  inveatigations  which  have 
heea  made  up  to  the  preise nt. 

From  all  this  we  learu  that  hyaline  cartilage  is  a  tiasue  yielding 
chondrigeii  with  celld  of  a  different  constitution ^  with  which  we  are  not 
more  nearly  acquainted, 

§11L 

Now,  concerning;  elastic  or  rtiticular  cartilage,  we  m9.y  ohtain  from  it, 
that  ia,  from  the  reülilue  of  liyaline  matter  which  it  etill  contains»  a  small 
quantity  of  chondrin,  but  only  after  long-continued  boiling.  The  elastic 
HbreFi,  which  must  take  their  rise  from  a  metamorphosis  of  the  chondrigen, 
manifest  here  the  same  eharacteristic  insolubility  as  elsewhere.  It  is  only 
after  digestion  in  polnsh  of  many  days'  duration  that  they  become  jelly- 
like and  break  down  into  granules,  which  are  dissolved  on  the  addiiian 
of  water.  Whether  the  cells  of  reticular  cartilage  are  more  soluble  than 
those  of  the  hyaline  species,  aa  has  been  stated,  but  without  sufticient 
foundation,  requires  more  accurate  investigation. 

Passing  on  then  to  fibro-cartilage^  we  find  that  its  ground-substance 
gives  the  same  reactions  as  coiinective-tissuef  and  is  transfornieil  like- 
wise into  glutin  by  boiling.  The  latter  is  not,  however,  ehondriuj  but 
the  ordinary  glutin  of  connective- tissue  (p.  22).  The  semi-kmar  eartilageB 
of  the  knee-joint  are  said  Ui  l>e  most  difficult  of  Bolntion. 

At  present  we  know  nothing  of  the  fluid  with  which  cartilaginous 
tissue  is  saturated.  But  the  so  variable  proportion  of  mine  ml  matters 
which  are  found  in  the  latter  eeem  to  point  to  a  variation  ako  in  its 
composition.  Leucin,  glycin,  and  cartilage-sugar  may  probably  be  ris 
ganled  as  physiological  products  of  the  transforniation  of  the  tissue  in 
question.     Comp.  5§  31,  33,  and  22. 

The  percentage  of  water  in  this  tissue  is  reckoned  at  5i-70  per  cent, 
and  the  fat^?^  which  are  entirely  absent  in  no  cartilaginous  etructnpes 
from  the  very  earliest  periods^  are  found  to  vary  jiaturaliy  very  eon- 
ßiderabJy.  Their  pro[>orlion,  according  to  most  observers»  is  about  from 
2  to  5  per  cent.,  but  which  of  their  varieties  occurs  in  the  tissue  of  car- 
tilage has  not  yet  been  aacertained. 

There  now  only  remain  im  consideration  the  mineral  constituents 
The  proportions  of  these  are  very  differently  stated,  which  is,  most  pro- 
bably, dependent  on  the  imperfect  methods  of  calcining  which  have  been 
resorted  to.  Phosphate  of  calcium  and  magnesium,  with  chloride  of 
sodium,  carbonate  of  sodium,  and  sulphates  of  the  alkalies,  have  been 
mentioned  as  occurring  here. 

We  may  set  down  a  fe^v  results  here  which  have  been  obtained  in  one 
and  the  same  animal  us  examples  of  the  relative  proportions  of  minc^rftl 
constituent«,  Sdilombcrtfer  found  that  the  ashes  yielded  by  the  nasal 
cartilages  of  an  old  mbbit  amounted  to  Z*T}\  per  cent.,  those  of  the  ear 
to  2*30  per  cent,  while  those  of  the  ribs  rose  to  2 2 '80  per  cent,  Hoppe 
again  obtained  from  the  costal  cartilage  of  a  suicide  aged  22,  2 '20  per 
cent.,  and  from  that  of  the  kneejoint,  1  54  per  cent  of  ash. 

The  observations  which  have  been  made  on  the  costal  cartilages  of 
the  human  bemg  teach  th(tt  tlie  proportion  of  inorganic  constituents  is 
increased  in  one  and  the  same  cartilage  by  age.  The  following  analyaiai 
with  the  exception  of  the  fifth,  liave  been  all  made  by  Bibt^a  :^ 
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A  cliiltl  of  six  monlka, 

.       2'2A 

per 

cent  of  ask 

A  chUd  of  three  years, 

.       3  00 

ft 

A  girl  uf  nineteen  years,     . 

.       7^29 

J* 

A  woman  of  twenty- five  years,    , 

,       3Ö2 

M 

A  man  of  twenty  years. 

.       3'40 

IJ 

A  man  of  forty  years. 

.     e^o 

n 

§  111 

The  cartilages  of  tlie  aihilt  body  may  he  regarded  aa  the  residue  of 
a  tbsue  very  widely  dklnbuted  through  the  By  stem  at  an  early  period 
of  iiUrautermo  existence,  which  has  for  the  greater  part  given  way  to  thö 
siibs^rqurnt  formation  of  bone  (§  103).  In  niaoy  structures,  tlierefore, 
thb  tisiui?  manifests  a  remarkable  degree  of  tmnsitoriness.  And  even 
those  cartilages  which  persist  in  the  body  vip  to  its  maturity  show  a 
certain  iuclination  to  undergo  anatomical  mctartiorphosis,  that  of  softenings 
of  fibrillation,  of  calcification,  and  even  of  oa^fication  ;  in  other  words,  to 
pass  through  subsequent  processes  which  in  the  aocalled  temporar)' 
earlUages  had  taken  place  at  an  earlier  epoch  (§  1 06), 

For  the  re^t,  cartilaginous  tissue,  which  is,  as  a  nUe,  non- vascular, 
possesses  l»ut  a  small  amount  of  transformative  power  over  the  matteru 
which  it  receives  ;  and  such  as  it  m^  its  hearings  are  unfortunately  etill 
very  obscure.  The  nutntion  of  the  tissue  occurs  in  two  ways.  Some 
cartilages  are  clothed  with  a  fibrous  mem  braue,  the  pertcliondrium,  whose 
vessels  supply  the  nutritive  material.  For  all  this  it  ia  a  stniuge  fact 
thatj  in  the  mterior  of  the  cartilage,  tlie  tissue  appears  most  highly  deve- 
loped— thus  at  the  point  most  remote  from  the  blood  ve8,«^e Is.  How  far, 
and  whether  indeed  the  tissue  can  further  graw  at  all  from  the  periehan- 
drittm^  has  not  yet  been  ascertained»  Other  |iortians  of  the  tissue  in 
question,  which  enter  into  the  structure  of  j<nn^  possess  no  perichon- 
drium, and  depend  on  the  vessels  of  the  adjacuut  bone  for  their  nutriment. 

According  to  all  this,  we  have  in  cartilage  to  deal  with  an  aggregation 
nf  simple  cells,  whose  iti tercel  hilar  substance  i^  its  only  essential  peculi- 
»rity;  on  which  also  the  physical  properties  of  the  tissue,  its  solidity, 
hanlness,  and  pliancy,  depend.  It  is  owing  spetu'ally  to  this  latter  quality 
that  cartilage  is  of  such  importance  to  the  sytitem;  it  adapts  to  form  sup- 
ports ft>r  uther  part«*;  to  strengthen  the  walls  of  membranous  cjjimls,  &e., 
to  clutlie  the  ends  of  bone,  forming  a  layer  peculiarly  suitable  for  articula- 
tions througli  its  liarilnesB,  smoothuct^s,  and  small  liability  to  wear  and 
tear.  Finally,  it  presents  itself  as  a  very  strong  conneeiing  matter  for 
jotniug  lK?nes  together. 

AlLlmu^h  non -vascular,  cartilages  may  undergo  the  same  changes  m 
otlier  vaacular  portions  of  the  body»  under  conditions  of  inJlainmatory 
irritation,  Energetic  segmentation  of  its  cells  Las  been  remarked,  as  well 
s^  increase  in  size  of  tlie  capsule  and  deposit  of  fats  in  the  bxly  of  Urn 
lis.     The  intercellular  substance  may  also  split  up  into  fibres  and  fasci- 

li,  or  break  down  altogether.      Calcification  or  transformation  of  the 

bolo  into  a  su Instance  mare  or  lesa  like  connective4issue  may  also  occur 
^ed/i*rn^  VfrcMotc).  These  changes  are,  in  many  cases,  brought  about  by 
but  a  repetition  of  the  i>rocess  described  in  §  106, 

The  substance  of  curtilage  is  not  regenerated,  however,  so  that  two 
fmctiired  portions  of  the  latter  can  only  be  united  again  by  a  connective- 
tissue  cicatrix  <  But  an  aceuiental  new  formation  of  cartilage  is  by  no  means 
ef  rare  occurrence.     In  the  hrst  place,  it  may  start  from  cartilage  already 
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present  {dur.hondromii}^  or  a  cartikginniis  tumour  may  spring  up  in  places 
where  cartilaga  does  iif>t  normally  appear^  ils,  for  instance,  in  bone  or 
gliindular  structmes  (cnchondrt/mu).  hi  the  latter,  aiul  not  unfreqiiently 
in  the  stimö  tumour,  we  meet  with  the  severui  varieties  of  eartilftge  as 
rsgardä  itis  cella  and  interatitial  subsUtnce ;  islands  of  the  true  tit^üiie  aro 
ftometim&a  separated  from  one  anotber  by  fasciculi  of  eonnective-tissua 

It  now  remains  for  us  to  consider  the  ft  rät  appearance  0/  cartilage  in 
the  embri/o^  and  the  changes  which  take  place  in  it  sul^sequentl}'*  On 
this  point  much  valuable  information  ha.*!  beöu  contributed  by  Schwannt 
KoUiker^  Bruch ^  Ueidenhain^  and  others. 

Tlie  histologicaL  development  of  cartilage  takes  place  at  a  very  early 
period  of  intra-utenne  life,  as  is  indicated  by  the  original  simplicity  of  the 
tissue,  and  its  similarity  to  the  Brat  cellular  rudiments  of  the  orgBns  anrl 
various  other  parts  of  the  syatera,  namely,  the  embryonic  cells.  The  tir^t 
anatomical  nidiraents  of  cartilage,  that  is^  of  the  teuiporary  tissue,  appear  at 
the  commencement  whitish  and  clouded,  without  dilfering  in  texture  hxmi 
the  neighbouring  structures.  Its  characteristie  feature«  begin,  however, 
to  be  developed  very  early. 

Ünginally  thcBo  primitive  cartilage  colls  lie  closely  crowded  together, 
and  there  is  hartJly  the  slightest  trace  of  intermediate  matter.  The  latter, 
however»  soon  makes  iU  appearance  somewhat  more  distiiietly. 

Thus,  in  the  embryos  of  sheep,  of  0-7  mm.  in  length,  Kidliker  found  car- 
tilag©  cells  measuring  0  01 35-0*02:26  nim.,  and  the  intercellular  mi bstance 
still  very  «canty,  Jn  larger  enihryoä  even,  as  those  of  the  pig,  of  2 
inchea  long  and  up  ward  a,  the  ground -substance  m  still  much  less  in  quan- 
tity than  the  cells,  in  which  latter  the  proiluction  of  daughtep  ct*lls  is  lie- 
ginning.  Jig.  175  reprt*senfc9  this  process.  In  other  foetuses  of  the  ^ime 
animal,  measuring  3j  inches  long,  ihe  intercellular  substance  anLOunts  to 
only  about  one-fourth  of  the  whole  volume,  according  to  Bckwann,  At 
the  same  time,  the  tissue  is  so  soft  that,  on  lite  slightest  press urey  the 
cells  separate  from  one  another,  and  float  about  in  the  surrounding  Öuid* 
Later  on,  the  proportion  of  the  latercellular  substance  inci^ases  more  and 
more,  while  the  cells  enlarge,  and  endogenous  midti plication  feachea 
in  many  cartilages  a  high  degree  of  activity.  But 
during  the  growth  of  a  cartilage,  the  nnmber  also  uf 
th«  cells  it  contains  increases  by  segmentation  of  thofi« 
previo«i«ly  existing.  The  stronger  capsules,  present- 
/  ing  dilferent  optical  characters  from  the  surrounding 
medium,  are  only  found  at  a  later  period  of  devtdop- 
^"^l^-^  meat.  Deposition  of  fats  also  (at  le-ast  in  the  cartd* 
^  ages  of  many  new-born  infants)  may  also  be  found 

nir.  iTG.-'Cjiffiiiirn  cpu»  commencing  (comp,  üg.  Iü5).  The  formation  of 
ti^frpt  or  «  WtKi  piK.  of  bands  and  appearance  01  cuondrm  hbrmation  occum 
2  int^D«  tn  itngtiu         at  a  much  later  period. 

Great  interest  attaches  to  the  discovery  made  by  Schiranny  and  after* 
wards  confirmed  by  Hnppt\  tltat  the  ground-suhstance  of  foetal  eartiUigo 
does  not  consist  originally  of  a  matter  yielding  chondrin,  or  indeed  of  any 
material  which  fitiiT^ns,  like  glutin^  on  cooling. 

AM  the  statements  just  made  refer«  in  the  first  place,  to  hyaline  eiLrti- 
läge  :  Üic  primary  form  of  reticular  and  of  tibro -cartilage,  however,  is  also 
included.  The  latter  consist  originalty  also  of  a  homogeneous  ground- 
substance,  in  which  the  metamorphosis  into  Hbres  commences  aooiitir  or 
later,  and  continues  in  some  |>arts  even  aftr^r  birth. 
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Flff.  176. — Gelatinous  tissue  with  roundish  cell» 
fh)in  the  vitreous  humour  of  a  human  festal  eye. 


6  and  7.  Gelatinous  and  Betioular  Oonnectiye-Substance. 
§113. 

Under  the  name  of  gelaiinoua  or  mucoid  tissue  and  reticular  convec- 
tiwi-substance  combined,  we  shall  now  consider  a  second  series  of  tissues, 
liable  to  great  variation,  and  belonging  to  the  group  of  connective-sub- 
stances. This  classification,  however,  can  only  be  said  to  have  a  provi- 
sional value :  it  remains  for  more  accurate  histogenic  investigation  to 
show,  at  some  future  time,  whether  the  mode  of  development  of  the 
different  tissues  placed  together  here  justifies  or  modifies  our  method  of 
arrangement 

Gelatinous  and  reticular  connective-substance  appear  at  the  first  glance 
separated  by  a  wide  gap  from  car- 
tilage. Whilst  in  the  latter  we 
have  to  deal  with  a  tissue  made 
up  of  round  cells  held  together 
by  a  solid  glutinous  intermediate 
matter,  the  plan  of  the  tissues 
with  which  we  are  now  engaged 
is  completely  different  They  are 
all  of  them  more  or  less  soft,  partly 
swollen  up  into  a  glutinous  condi- 
tion, or  in  other  rarer  cases  even  present  themselves  in  the  liquid  form. 

Only  in  exceptional  cases  do  their  cells  preserve  their  spherical  form :  thev 
present  themselves,  as  a  rule,  in  most  character-  j  ^. 

istic  figures,  radiated  and  stellate,  and  united  with 
each  other  by  means  of  simple  or  branched  pro- 
cesses, forming  networks  of  cells  (figs.  177  and 
178). 

The  system  of  meshes  so  formed  varies  as  to 
its  contents  very  considerably,  apart  from  the 
differences  in  the  size  of  its  meshes. 

In  a  certain  number  of  the  tissues  which 
may  be  reckoned  in  this  category,  the  net* 
work  formed  by  these  elements  is  occupied  by  a 
structureless,  watery  jelly,  containing  mucin  or 
some  allied  substance,  when  we  term  it  a  gelatinous 
or  mucoid  tissue  (fig.  177). 

A  second  and  more  extensive  group  shows 
us  these  interstices,  instead  of  being  occupied 
by  a  mucoid  njass,  filled  rather  with  innumerable 
granular  cells,  which  correspond  exactly  with 
the  elements  of  lymph.  We  have  thus  pre 
seuted  to  us  the  most  widely  distributed  species 
of  reticular  connective-substance  (fig.  178).  It 
has  been  named  "cytogenous  connective-sub- 
stance "  by  Kölliker,  and  by  His  "  adenoid  sub- 
stance.'^ 

Another  series  of  connective  matters  belonging 
also  to  this  croup  in  our  opinion,  encloses,  in  a  Fig.  1 77.— Gelatinous  ti^ue with 

,,  o         ^y      .  jjTi.  Ill  i.         stellatecells,  from  the  enamel- 

usually  narrow-meshed    and  delicate  CeilUlar   net-       organ  of  the  human  embryo. 

work,  another  kind  of  contents,  e.g.  cliiefly,  ner- 
vous elements  (fig.  179),  or  also,  though  much  more  rarely,  masses  of 
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füt.  This  mfij  he  designated  for  tUe  pTeBcnt  as  Bustmtacular  nervcm 
fnaiier,  and  is  a  species  which  has,  up  to  the  prtont,  been  mTestigated 
least  of  alL 

Tho  fibrous  eharacter  of  most  of  the  tissuea  euninerated  here  is  by  no 
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^\iptr*i  U%ti\cla  of  the  mduli  rmbblt.    a»  dtphllflrl»;  b«  rerlcnlAT  rrtm«- 
woriet  c  l/Qifh  cdJU  (mofit  of  liic   loiter  hava  been  ra^oTed  I17 

means  lost,  however;  for  we  frequently  see,  whether  in  the  course  of 

physiological  development  or  as  a  pathological  oeeurreuce,  maoy  of  these 

tissup^H^  the  mucoid  as  well  as  the  reticalar,  becoming 

J^gv^^l^L        transformed  into  ordinary  fibrous  iiäsue,  in  that  the 

J^T  J^CajL      cellular  network  obtains  coatmgs  of  tdanienle  while 

^^JSptvmm     ^^*^  gelatinous  intercellular  mattem,  or  o^  the  case 

f^^V%Z3s       may  he,  lymphoid  corpuscles,  decrease  and  finally  dia- 

^^Tyfewwia^        appear. 

'  '  *  Then»  a^^ain,   we  recognise    that    other    substitti* 

tion  already  mentioned  Bcction  101,  in  ditfet^nt 
groups  of  animals*  Thus,  for  instance,  the  reti- 
cular connective-substance  in  one  organ  of  ecrtmo 
animals  is  replaced  by  ortlinary  librillated  connective-tissue  in  other 
species,  and  so  on.  Finally,  it  seems  probable  that  auy  of  the  oilier 
ti^äues  belonging  to  this  ao  widely  distributed  connective-substance  group 
are  all  capable  more  or  leas  of  reproducing  fri^m  their  cell  alar  oifspring 
either  mucoid  or  reticular  tissue, 

§  lU, 

Wo  have  just  rcpu  that  hj  fjeiitiinouii  or  mucmd  f issue  is  understood i{ 
cellular  structure,   charatrterised   hy  jKiB^essing  a  very  soft  and   wat 
intercenul:ir  su Instance,  containing  either  mucin   or  some  matter  very 
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similar  to  it,  and  which  is  thns  distinguished  from  glutin-yielding  car- 
tilage and  regular  connective-tissue.  The  amount  of  this  interstitial 
substance  is  usually  considerable,  so  that  all  the  physical  properties  of 
the  tissue  are  determined  by  it.  In  this  respect  cartilage  and  gelatinous 
tissue  resemble  each  other,  though,  on  the  other  hand,  they  may  differ 
widely  as  regards  consistence. 

The  cells  in  a  soft  interstitial  substance  of  tliis  kind  are  originally 
of  spheroidal  figure,  and  when  imbedded  in  a  completely  homogeneous 
mass  may  be  regarded  as  the  simplest  form  of  gelatinous  tissue— one 
which  is,  however,  but  extremely  rarely  permanent,  and  which  is 
destined  to  undergo,  as  a  rule,  further  transformation.  The  cells,  in 
such  cases,  are  metamorphosed  into  fusiform  and  stellate  structures, 
displaying  a  strong  inclination  to  unite  with  one  another,  and  in  the 
intercellular  substance  there  commences  to  make  its  appearance  a  streaki- 
ness  and  fibrillation. 

In  general,  mucoid  tissue  may  be  said  to  be  a  species  of  connective- 
substance  standing  low  in  the  group,  and  as  such  it  enters  into  the  com- 
position of  temporary  embryonic  structures  under  normal  conditions, 
which  do  not  attain  in  this  form  a  state  of  maturity.  In  fact,  we  have 
to  do  with  foetal  tissues.  The  cells  further,  while  still  in  their  simplest 
form,  may  be  so  compressed  by  the  superabundant  interstitial  matter 
that  they  cease  to  exist,  the  latter  only  remaining  over.  It  is,  how- 
ever, more  usual  to  meet  with  an  ascending  metamorphosis  in  other  of 
these  textures,  by  which  they  are  developed  into  ordinary  soft  connec- 
tive-tissue. The  points  of  distinction,  consequently,  between  the  two 
cannot  be  very  definitely  laid  down. 

The  parts  of  the  human  body  which  are  looked  upon  at  the  present 
day  as  belonging  to  this  group  of  tissues  are  the  following : — the  vit- 
reous humour  of  the  eye ;  the  gelatin  of  Wharton  of  an  early  period  of 
life ;  certain  substances  filling  up  the  interior  of  the^  rudimentary  ear ; 
the  enamel  organ  of  the  rudimentary  teeth ;  and  the  soft,  formless  con- 
nective-tissue of  iutra-uterine  life,  which  has  not  yet  developed  collagen. 
But  in  animals  gelatinous  tissue  is  more  permanent.  Thus  the  Hnua 
rhomhoidaliis  in  the  spinal  cord  of  birds  is  formed  of  it,  and  the  form- 
less connective -matter  of  fishes.  It  appears  also  widely  distributed  among 
the  lower  animals.  The  bodies  of  the  acalephse  are  chiefly  made  up  of  it 
(  Vircfiow  and  Schulize). 

Whilst  in  the  mature  body  no  gelatinous  tissue  is  to  be  found,  with 
the  exception  of  that  small  quantity  known  as  the  vitreous  humour,  it 
may  be  produced  anew  under  abnormal  conditions  by  development  from 
another  member  of  the  group  of  connective-tissues,  as,  for  instance,  from 
fatty  tissue  in  cases«  of  emaciation.  Tumours  formed  of  mucoid  tissue 
are  known  as  myxomas  ( Virchow). 

§  115. 

The  simplest  form  of  this  gelatinous  tissue  to  be  found  is  in  the  corpus 
vitreum  of  the  eyes  of  embryos  and  very  young  individuals. 

The  surface  of  the  latter  is  originally  covered  with  a  vascular  net- 
work, which  is  obliterated,  however,  very  early.  If  we  examine  the 
structure  in  a  foetus  at  about  the  end  of  the  fourth  month  (fig.  180), 
we  find  it  to  consist  of  an  abundant  and  completely  colourless,  homo- 
geneous, and  somewhat  viscid  ground-substance,  which  becomes  stringy 
on  the  addition  of  acetic  acid.      In  this  are  imbedded,  at  tolerably 
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regular  intervals,  a  rather  scanty  proportion  of  celli,  eitHer  quite  gpherical 
or  BpheroiJa!,  wbicli  may  take  on  other  distorted  forms,  however,  owing 
to  their  nott  conaiBtence  and  tlie  semi-flaid  nature  of  the  surrounding 
medium.  They  resemble  enlarged  üolourless  lymphoid  celJs^  &c.,  and 
are  granular,  either  coarsely  or  finely  so,  but  usually  to  no  great  extent, 
so  that  they  are  aot  very  opat^\ie.  Their  membrane  opposea  a  certain 
iimount  of  resistance  to  the  action  of  actitic  acid,  and  the  nucleus  appeal« 
more  or  kss  granukr,  showing  in  its  interior  a  nncleolua.  We  also  meet 
with  rounds  oval,  renifürni,  and  double  nuclei,  which  have  always  their 
special  nucleoli,  indicating  probably  a  multiplication  of  cells  here. 

The  sim  of  these  cells  is  0*0104,  0^0 15  6-0 -0 182  mm.,  while  Ihe  iimple 

nuclei  have  an  average  diametef  of 


0^0052  mm- 

Fusiform  and  stellate  ceUa  arte 
not  entirely  absent  iu  the  true 
corpus  I'llrfimn,  but  are  found 
prineipally  in  the  membrana  htja- 
loldea  itL  connection  wiUi  the  Ibi^ 
mation  of  the  vessels  of  that  part, 
as  Kaliiker  justly  observes. 

The  same  is  found  to  be  the  struc- 
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tu  re  of  the  vitreous  humour  of  the  infant,  while,  according  to  the  geneiaJ 
opinion,  the  cells  undei'go  decay  in  the  first  years  of  childhood,  so  that 
in  adults  the  eutpttg  vUrmm  is  composed  of  ihe  intercellular  substance 
alone ;  a  view  which  is  opjiosed  by  O.  Web^r.  Acconling  to  ihb 
observer,  namely,  the  cells  of  the  mui-oid  substance  remain  in  all  case»« 
though  more  scanty  towards  the  centre  than  at  the  ]>eriphery. 

Elxamined  chemically  by  Berzelins^  Lahme ffer^  and  Virckow^  the  corpus 
vitreum  wag  found  to  contain  more  than  98  5  per  cent,  of  water^  and 
among  the  eolid  constituent«  an  abundance  of  inorganic  matter,  chiefly 
made  up  of  chloride  of  sodium.  Among  the  organic  matters  we  find 
traces  of  albumen.  According  to  Vi  re  how  a  substance  allied  to  mucua  is 
alBO  to  be  found  here,  to  ivhich  the  semi-fluid  gelatinous  natutv  of  the 
ötructnro  is  due.  The  vitreous  humour  is  now  regarded  as  composed  of 
a  certain  quantity  of  mucin  gelatinised  in  a  large  amount  of  saline  fluid. 
The  following  analysis  by  Lohmeijer  is  given  for  the  jiurpose  of  showing 
more  clearly  the  composition  of  the  substance  in  tjuestion* 

1000  partä  of  vitreouB  humour  contain  : — 


Water,    ,          ,          ,          . 

.    mmm 

^fembnuiejä,     . 

0210 

Albuminate  of  sodium  (and 

mucin  ?) 

13R0 

Fata,       ,         .         . 

* 

0-0  Iß 

Extractive»,     » 

3208 

Chloride  of  sodium, 

7757 

Chloride  of  potasiium. 

0*605 

8ulpbate  of  potas^sium,     - 

0^148 

Pjioaphate  of  calcium, 

0101 

Phosphate  of  niiigiie&iium» 

0-€S2 

Phosphate  of  irun,   , 

0'(J2G 

Lime  earths,    , 

0133 

Mucin  waa  not  looked  for^  but  urea  was  found  by  MUlon  and  Wöfit^t 
but  not  by  Lt^met/er, 
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ITit?  vUreoua  humour  u  tbe  most  poeierior  of  tbe  refractiiig  nie4ia  of 
the  e)'ö.  Its  refractive  index  h  {t&king  water  to  hQ  1*3358)  1*3506  i« 
the  human  being  {Kramc).     If  destroy ed  it  is  not  regenerated* 

REMABKa.— fktidf^Ä  tlie  Gcmian  literttur^,  comii.  Boic^an,  Letturtt  en  the  Pnrts. 

§110. 

Again  we  tlnd  geläiinom  tissue  pT^^ent^d  to  us  in  n  higher  atÄt©  of 
developm^iit  (&t?Uvag  aside  the  tissues  of  the  njembmnes  of  thß  ovum),  in 
the  first  place  in  the  enamel  organ,  then  in  tho  g^ktin  of  Wharton,  and 
tindly  in  the  formier  condective-fiuhsUuces  (if  embrjoa. 

Her«  we  find  universally,  in  a  transparent  gelatinouä  siibgtancep  fusi- 


a- 
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F,y      i;^i  -t  .'Hi     frotn      Ihe 
\A.  A I  rt.  iniÄll; 


Fl|t  Itt'^Httii«  of  tbe  KwlAllii  **{  W^itrim  In  I  rann- 
tet» ivetloti ;  fnowi  (lie  tt>nl  of  uii  t-nibrj^  t'C  'ttuir 
nioiitliü,  d,  II  net-wiirk  *)t  liritii:hif)i£  ctlit :  &,  cDndifn- 
cMnött  o(  till?  ftrrm]:ul-fryt3|itu,iin!  rditnlmi^  bun  tin  £t  tifl* 
eluiiifeil,  ratmdLih^  fotw^tiv«  cell, 


form  and  stellate  cells,  known  dnce  the  days  of  Srhwann.  These  form 
with  their  processes  a  ceiluhir  net- work,  and  lift  at  first  somewhat  eloaely 
together,  but  after  a  wbilt*  separate  more  widely  one  from  another,  a  de^Kjfiit 
of  tiie  t*ontlenJi*^d  interi^ellular  substance  f<jsrmiu|^  around  them.  Ihua  we 
have  n  system  of  rt^ticvdaied  hands  wiLhin  which  the  cellular  net-work 
stiU  ejciata,  Tlie  meshes  enclose  a  soft  and  gelatinous  mass  in  which 
may  be  dintingtiisbifd  iBolated  unchanged  formative  cells. 

The  snl>stanfe,  however,  of  which  the  enveloping  bands  are  composed 
commences  early  to  present  the  app«arance  of  being  longitudiimlly 
^tre&ked.  Thi»  gradually  becomes  more  evident  until  the  whole  assumes  a 
E]>r&ü0  conditioni  on  which  the  mass  is  transformed  into  oitlinaiy  connect 
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tirö^tissxie  li  brills.  Elastic  filjres  make  tlieir  appearance  also  bj  the  trans- 
formation of  the  same  substaiiüe  (see  below^  with  connective- tissue).  The 
eells  again  frequeiiLlj  take  on  a  more  elongated,  narrowed  form.  If  the 
whole  »eriea  ol  traiisfon nations  passes  over  them  to  its  conclusion,  which 
is  by  no  means  always  the  case^  what  ia  known  m  formless  connective- 
tissue  is  formetL 

After  this  general  doscriptioDj  let  us  subject  the  enarnd  argnn  and 
nmhiliml  mrd  to  nearer  examination.  The  first  of  these  covers  the  germ 
of  the  rudimentary  tooth  during  intrauterine  life  and  the  earliest  years 
of  infancy. 

Its  ti^ue  (fig.  181)  consi:5ts  of  delicate  stellate  cells  inth  distmet  nuclei. 
The  latter  are  vesicular  in  the  emljryo  of  four  months,  measurinjj  0  00C6— 
0*0090  mm.,  whilst  the  cell%vilh  its  processes  shows  an  extent  of  0*0200- 
0*0385  ram.  The  numhcr  of  these  latter  ia  at  times  only  four  (a),  but 
often  far  greater  (a,  h).  There  occur  also  cells  with  double  nuclei,  und  at 
times  a  species  of  segmentation  is  observed  (&,  below)* 

The  interstices  between  the  cells  so  united  to  one  another  nttain  a 

breadth  amounting  U^ 
0-020 4-0 -0320  mm.  and 
upward«,  and  are  filled 
with  a  lio  möge  neons  gela- 
tinous mass,  which  gives 
to  the  whole  enamel  organ 
the  same  eonsistonce  vary- 
ing  in  density  according 
to  its  mmoynt 

That  We  have  here  to  do 
with  a  tmn stent  tisstte  re- 
quires no  farther  comment 
after  what  has  been  just 
stated.  It  ceases  to  exist 
when  the  enamel  of  th« 
tooth  altains  inatunty. 

In  the  mucoid  suhstanee 
agiun  w]ut:h  enters  into 
the  coni  position  of  the 
umbilical  card  (tig*  183), 
namely,  the  gelatin  of 
Wlmrifm,  cells  exactly 
similar  to  limse  encoun- 
tered in  the  enameln^rgan 
are  to  be  found* 

But  this  cclbdar  net< 
work  (%.  182,  a)  heconjcs 
euve loped  at  a  very  early 
period  by  a  clear  and  deli- 
cately streaked  iutormediale  ßubstance  (b),  and  in  the  continuous  syniem  of 
meshes  still  remaining,  we  meet  with  the  same  structureleas  niueoid  j«^Uyj 
Here  may  he  found  also  spherical  cells  (c)  as  ihcy  apiJcar  in  the  «ami 
fitiige  of  development  of  structureless  conn ective-!?ubstii nee.  They  mn 
cotttractile,  and  migrate  (Koe^tur),  Thf*  hands  of  condensed  grounil- 
matter  enveloping  the  cellular  net- work  {Hg,  183,  a,  b)  are  subaeiiuently 
tranaformed  into  Übrilk^  of  con oective-t issue,  and  between  thesi*  iheni_ 


ti]in<it<;f  this  Jütti'L  vrit^i  tJii;ii'  cüipii«i:lL4  in  CJie  MXiti  e,  4,  «f 
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appear  akaLic  fibres  (at  least  in  ftnimals).  Tho  ivetwork  also  sliowa 
itiesritnso  of  the  difitance  betxve^ii  indiviilual  celb,  a  development  of  long 
tUiform  proceises,  and  the  boiliea  of  tJiti  forraer,  in  whicli,  however,  a 
BUtdetis  is  still  apparLsntj  become  sniQller  m  the  processes  uro  extended 

For  the  rest  this  cellular  network  dii^plays  at  a  later  pefiod  mnch 
variety  ( Wemmmn).  In  its  power  of  resiatiijice  towards  reagents  it  re- 
minds «8  of  elastic  matter,  whilst,  on  the  other  band,  it  is  rapidly  acted  on 
by  alkalies  m  contradistinction  to  the  Litter* 

We  havw  befor«  iis  here,  tlien,  a  con  nective- tisane  tmnsformaüon  which 
id  far  ndvanced  when  at  birth  the  death  of  the  tmane  takes  place. 

Tbü  soft,  FtrnctnreU^sa  c^nnnective- tissue  of  early  bfe  baa  jiiat  the  aame 
natufe,  hi  iU  nieshi*3  likevviae,  as  Schwann  baa  shown,  the  same  rounded 
c^Us  are  to  be  found,  which  possibly  become  fat-cells  eventtmlly.  The 
banded  portjona  of  both  these  tissue»  yield  originally  no  glutin  on  being 
boiled* 

EEMAnKs.^ — ITie  ongia  of  the  euamd  organ  i^ppears  indited  to  be  iiooxdjiir,  in  th«.t 
it  takes  place  from  ^^lithehum  (comp,  chapter  ou  the  te«tb).  Of  the  truth  of  this 
itatenictit  w«  are  fissured  hy  K&liiktr,  «ftur  da*  i^xamiimtion  of  the  ilevelojmieut  of 
the  teelht  Further  inveati^aion  of  the  mutk*r  J»  deüirnblc,  howerer^  couuidering 
tUt-  j^n  At  histological  iuterütit  which  nttachea  to  thu  Äubject,  iiud  the  dilljculty  of  such 
I'mbiyohiipefll  res^'wch. 

§117. 

Having  now  conclnded  the  eonslderatbn  of  gdntinous  tissue^  we  tmn 
to  another  member  of  the  bo  very  varied  group  of  connective-subs  tan  ccnj 
namely,  to  the  reticular — the  ailenoül  of  IliJtj  or  c^lu^emc  of  KoWker. 

Here  we  encounter  similar  networks  of  radiated  connective' tissue  cells 
(subject,  however,  in  individual  cases  to  much  variation),  which  are  meta- 
morphosed into  fibres  or  fasciculi  of  more  or  lesss  extensive  course,  and 
may  receive  also  coatings  of  a  streaky  or  fibrillated  intermediate  substance. 
The  epaces,  however,  incompletely  enclosed  by  tbonip  are  not  filled  with 
mucoid  jelly,  but  by  structural  elementi^  by  innumerable  lymphoid  cells, 
such  aa  are  found  in  lymph,  chyle,  &c. 

A  considerable  number  of  oi^gans  possess  a  tissue  of  this  kind.  For 
instance,  the  framework  of  the  lymphatic  glands  \%  composed  of  it,  aa  well 
Its  that  of  those  lymphoid  organs  so  nearly  related  to  the  latteri  namely, 
the  tonsils,  thymus  gland,  and  fuUickts  which  are  met  with,  isolated  or  in 
groups,  imbedded  in  the  intestinal  tube  and  conjunctiva.  The  Mulpighian 
oorpuseles  also  of  tho  spleen  consist  of  reticular  connci^tive  sutaauee. 
The  latter  again,  although  presenting  many  varieties,  forms,  among  tho 
higher  animah,  the  mucous  membrane  of  the  small,  and  partly  of  the 
largo  intestiDc;  and,  finally,  it  is  met  with,  strongly  modified,  in  the 
puJp  of  the  spleen, 

Merc  also  wo  encounter  again  certain  peculiarities,  already  frequently 
tnenttoncd.  In  the  fii^t  place,  we  see  in  such  organs  the  jieripberal  por- 
tjous  undergoing  further  chimges  in  their  reticnlar  connective-substance, 
through  which  the  latter  may  eventually  become  converted  into  ordinary 
fibrous  tissue.  Further  (and  this  is  the  case,  for  instance^  in  the  intestmija 
of  the  lower  animals),  tho  reticular  substance  maybe  replaced  by  tho  latter 
Finally,  it  may  spring  from  ordinary  connective- tissue  under  pathological 
conditions,  on  tho  other  baiid^  or  become  transformed  into  the  latter, 

AÄfJ«nenta  we  meet  with  stollate  cells  (fig,  184),  whose  nuclei  Lav© 
emootli    borders    ami     a    nucleolus,    and     measure,    on     an    averBg«» 


194 


MANUAL  OF  KISTOLOGt. 


from  I  ho   rfftt* 


/ 


0-0059- 0  0075  mm.     They  may,  however,  bo  met  with  mon*  or 

granular.  They  are  euf!lo«ed  in  a  thia  layer  of  a  cleiir  »ob- 
Btance,  forming  the  body  of  the  cell,  which  ia  spread  out 
periplierally  into  a  varying  ntimher  of  pale  railiating  pro- 
cesses. These  are  primarily  about  0'0023  intn.  iq  dt&meteTf 
becoming,  after  a  short  eourse,  threu  or  four  timei  as  fine, 
A  secondary  formation  of  branches  h  observed  on  these 
processes  rather  frequently,  which  pass  off  usually  more  or 
less  at  right  angleB*  Further,  there  are  generally  formed, 
by  the  union  of  euch  procea««  of  adjacent  cellsj  fimaU 
knots,  in  which  natu  rally  no  nuclei  are  to  be  seen.  The 
mesbea  thus  formed  are  usually  of  roundish  or  delicat« 
polyhedral  figure  (Jig.  185),  with  a  breadth  of  0'0114- 
0  0226  mnu  The  latter  may,  however,  he  much  less,  or^ 
on  the  other  hand,  more  considerable ;  and  meshes  are  found  in  certain 
parts  of  far  greater  length  and  extent  still. 

The  whole  of  this  delicate  network»  in 

the  fresh  state,  is  very  soft  and  fragile,  and 

only  to  he  rendered  perfectly  visible  on  that 

_  account  by  hardening  treatment  of  the  tis- 

ml sue  and  removal  of  the  Ij-mph-corpuselea. 

The  connective-tissue  cells  withstand  boil- 
—  ^     ing,  but  are,  on  the  other  hand,  rapidly  acted 
on  hj  alkalies  and  acetic  acid. 

The  genesis  of  this  network  of  cell«.  And 
-^  of  the  lymph  corpnscles  encloaed  in  it,  still 
^         requires  further  investigation, 

§110. 

The  deacription  of  the  cellular  network  of 
rotictilar  connective-substance  juät  given  ^  ap' 
plies  to  iu  usual  appeo ranee  in  the  system 
at  an  early  age.  But  ^ve  f ix^^uen tly  en cou n tut 
in  more  mature  bodies  a  certain  change  in 
the  tissue — ^a  shrive  Hing- up  of  the  body  of 
the  cell  and  nucleus — eo  that  tlieso  chief 
central  knots  are  only  evitlent  as  slight 
«wellingB  at  the  corresponding  points  in  the  network.  TJie  ajjpearance  of 
such  portif>ns  has  given  origin  to  the  mistake  of  confounding  this  cellular 
iuitw*ork  with  whiüh  we  are  eijgaj;^cd  with  an  interlacement  of  elastic  fibresL 
Fig,  löß  gives  a  good  idea  of  the  structure  of  such  a  portion  of  tissue. 
In  it  we  may  recognise  also  the  character  ist  ic  relations  of  tJie  i^ticular 
eonnective-sultstiince  to  the  blood -vessel  ä,  8uch  a  network,  namely,  is 
always  traversed  by  hlooi I- vessels,  in  contiudistinction  to  geliitinnns  tissue, 
which  is  cither  very  poor  in  the  latter  or  entirely  uon-vaÄCulan  Kound 
these  vessels  tliere  is  woven  a  secüudiiry  investiikg  tunic,  a  mierosücipic 
advcnliiia  (ti),  farmed  hy  the  union  of  ncighbouring  cells  with  their  pro- 
ccÄse^  and  memhninous  expansion  of  the  ktt*ir. 

This  shrinkitig  together  of  nucleus  and  cell-hody  may,  moi-pover,  give 
place,  under  conditions  of  irntation,  to  a  speedy  increase  in  size  again, 
wdien  we  und,  after  a  eJiort  period,  the  former  plump  appearance  of  both 
restored.  «  • 

Ie  other  modifications  of  the  coUokr  network  a  strong  expauiloa 
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of  the  ramifictttions  of  the  processes  may  be  observed,  by  which  th©  latter 
become,  not  unfrequently,  Jiienibraniform,  Wo  likewise  obtain  viewi  of 
laokted,  more  or  Icsa  fiisifonn  cells,  joining  to  form  fibre?,  which  might  b« 
miftUtkeu  for  elastic  were  they  ijot  acted  on  by  aJkalies*  Finiillj^  we  some- 
times  *ee — and  in  this  the  beariog  of  gelatinous  tissue  is  repeated — tbo 
ceUiüar  network  enveloped  in  thin  layers  of  an  intermediate  subatanoö, 
80metini*^s  more  or  less  streaky,  and  wmetimes  fibril  lated«  which  may  be 
ccnitinndiis  with  ordinary  nnnnrAtivo-tissne.  The  matter  so  deposited  is, 
without  douht,  a  product  of  tijo  cells  themselves,  and  may  be  regarded  in 
the  same  light  pos.^ihly  as  thfit  laid  down  in  cartilage  (g  104). 

Tho  mueons  membrane  of  the  small  intestine  supplier  a  very  goad 


•« 
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T\^.  ISd.— Itctlculv  Hmnccti?c-«^1)StJin(>e>  «rtüi  lymt^li-cftK  from  « /V^rr« 

exam  pi  0  of  the  changeable  character  of  reticular  connective-substance^ 
SA  well  as  it»  gradual  transition  into  ordinary  tibrovis  tifisuc.  If  wci 
«jtamiuL*  the  tisstiej  for  instance,  hi  thü  sheep,  from  the  immediate  neigh- 
bourhütid  of  a  lymphoid  fulHcle  (Hg,  187,  1),  it  still  presents  it»  customary 
rvticulated  apfiem  ance  {b),  but  even  at  a  short  distance  the  banded  network 
may  bo  met  with  very  much  thickened  and  irregular  (2). 

Very  Tj^siinlly,  however,  we  find,  especially  arounii  glandular  cavities,  a 
more  b«'^  ih  and  nucleated  connective-substance  (3,  t^),  ^vhicb  may 

tiisverth'  i  uro  the  old  reticular  nature  at  points  {3^  b). 

In  tlie  Lir^j  intestine  we  find  an  inlermediate  form  between  reticidar 
contiertivt^&iubstance  and  ordinary  fibrous  tissue,  with  a  usually  siniill 
pro|»ürtion  of  lyruphoid  cells. 

We  have  now  to  enter  on  the  consideration  of  the  finest  and  moal  deli- 
cate apt^cicta  ot  thiä  ti^u^ue,  that  of  the  so-called  pulp  of  the  epleen,  which 
iakvs  its  rise  continuously  from  the  ordinary  netliko  sustentactdar  matter 
of  the  Mnlphjkum  corpuscles  of  this  organ* 
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In  lianlened  preiMtutions  it  consists  of  a  fina  network  of  pale,  delicately* 

eon  toil  red,  imd  very  slight  fi  brills»  which  may  be,  however»  partially  ex- 
panded into  niembraiious  processes  at  points.  Here  and  tliere  we  meet 
with  pale  ovsd  niicki  in  theso.  Tho  meshes  of  this  fmnicwoik,  measuring 
0^0220-0^0068  mm.,  are  occupied,  in  the  first  place,  by  lymphoid  cells, 
but  also  by  coloured  blood-corpmsclea 


s— ' 


•herp;  fttvoni^l^  inngti(tlc4.  1.  T^kirn  frurn  Mm  IrviiiacühiTc  i>etKlil)oiirhi»Ki  utrntnU 
licU'.  fl,  irHiiirenc  peclion  at  a  follklci  of  Ud^-kukHi  A,  ni'twoiki  e,  l3finpilK«lli* 
3.  SiiiTienvlidt  morf!  remat«^  a^  joimtk'et;  b,  Blcin^ütic),  nm-lct  31.  At  a  tAM  itrfnler 
dliitauec  ti'miy  tlie  (olUclei    a,  tS^AUc  of  ItidfAiilto  cliULmcref ;  b^  rtütlculai';  >^  nuelM^ 

In  pathologicat  processes  this  kind  of  retienlai  substance,  also  coxitain- 
ing  lymphoid  cells,  plays  no  unimportant  parL 

Apart  from  enlargement  of  the  organs  consistin;;^  of  it,  as  the  lymphatie 
glands,  the  tonsils,  Pef/er*8  patches,  and  the  spleen,  we  also  ret'ognise 
new  growths  of  the  tissue  in  question  in  other  parts,  at  the  expense  of 
the  fmmework  of  fibrous  tissue,  aa,  for  instance,  in  the  liver,  kidney,  and 
stomack 

§119- 

We  tnni  now  to  a  fomtation  about  which  far  less  is  known  than  of 
ordinary  reticular  con noctive-tissue,  namely ^  th*^  delicate  su^^fcuificulttr  *iil^ 
iffanfe  of  tho  tif^rfmii  centreit  and  the  rethm.  Tliat  it  origi nates  from  the 
middle  germinal  plate^  Üie  source  of  the  other  members  of  this  »eriej,  appears, 
besides,  doubt  I  ul,  so  that  its  position  among  the  connective-tissues  may  re- 
quire to  lie  altered  in  consequence.  Although  long  a<(o  the  presence  of 
such  ft  fmmework  in  the  substance  of  the  hraiu  and  spinal  cord  was  how» 
and  there  allowed,  it  wafi  a  long  timei  nevertheless,  before  the  present  views 
regarding  it  w^rc  generally  recognised.  Moreover,  we  aR>  met  by  the 
inipossihility  of  drawing  any  very  sharp  line  between  the  tissue  in 
question  and  the  nervous  form-elements  of  grey  matt^^n  We  cannot 
wonder,  then,  that  Bklder  and  his  pupils  supi^oso  this  substratum  of  con- 
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jiecUvMlssue  to  exist  in  large  quantity  in  thö  nervous  centres«  while 

her  investigators  deny  almost  conipletely  the  presence  q{  any  otU^r  then 
Brvoua  formelenients  in  those  organs. 

Wherever  the  connective^tissue  framework  i&  well  developod,  ftnd  to  a 
certain  extent  pure,  asia  the  case  in  the  **  e|iendyinii'* 
(so  named  by  Virchotv)  of  the  ventricl*is  of  the  brain, 
and  in  the  msitter  lining  the  central  canal  of  the 
cord,  it  occurs  as  a  more  or  less  homogeneotia  o? 
stTeaky  or  fibri  Hated  mass,  in  which  ordinary  radiated 
or  fusiform  cells  are  seen  to  ha  imbedded. 

This  substance,  whose  connective-tissaie  character 
cannot  convenientJy  be  doubted,  ia  continuous  then 
with  the  sugtentacular  substance  of  the  white  and 
grey  niBsa, — a  far  more  difficult  subject  for  invefitif^^a- 
tion — namely,  with  the  so  called  **  nerve-cement "  or 
'*nmirogHa"  of  Vinhotfi. 

If  we  examine  a  portion  of  tlie  white  substance  of  the  brain  which  has 
been  hardened  arliticially,  wo  see  how  the  iibres  are  sepamted  from  one 
another  by  bands  of  such  a  substance* 

Tbifi  may  be  either  homogeneous  or  streaky;  and  in  it  are  eituated, 
at  intervals,  round  or  oval  nuclei,  emoolh  i»  contour,  and  measuring 
Ü'0093-0'TOT5  mm,  We  learn  also,  from  side  Tiewsj  that  theMc  septa, 
men  in  the  transverse  sectiLiu,  are  continued  further  bptween  tlje  nervous 
cylinders  as  merabraniform  prolongationSj  so  that  in  this  way  a  reguhu: 
system  of  tubular  compartmcnta  is  forractL  The  elements  of  form  of 
which  the  latter  is  composed  appear  to  be  cells  w^ith  radiating  processes, 
spreading  out  into  membraniform  prolongations  and  investing  masses. 

But  the  sustentacular  tissue  of  the  grey 
matter  of  the  nervous  centres,  though  nincli 
more  ahuiid ant,  is  far  more  fragile  and  difficult 
to  elucidate.  In  fresh  preparations  it  is  found 
usually  as  a  ratlier  gran  u  lor  complementary 
matter^  filling  np  the  interstices  between  the 
nervous  Iibres  and  cells..  It  sometimes  con- 
tains but  a  few,  sometimes,  however,  very 
many^  nuclei  with  smooth  contour,  and  measur- 
ing 0-0090-0  0075  mm.  In  successfully-treated 
prT.»jmr^tions  (tig.  189)  w^e  recognise,  with  the 
nid  of  extremely  powerful  lenses,  a  wondroüsly  line  and  dense  nit  work  of  the 
most  delicate  tibrillEe,  which  take  their  rise  from  knots,  in  each  of  which 
one  of  these  nuclei  lies  imbeddeil,  not  unfrequently  enveloped  in  a  thin 
lay  CT  of  j»n>toplasma.  Höre  again  we  inny  have  before  n?  n  network  of 
sti  Hate  cells  in  this  porous  spongy  tissue,  I'ut  the  pre  existence  of  Gucli 
a  network,  though  very  probable,  is  not  yet  capable  of  prooi',  and  the 
posfibility  of  the  tissue  before  us  being  Rn  artLJlcial  fabric  must  be 
admitted. 

This  porous  supporting  substance,  with  its  cellular  equivalents,  is, 
mofdover,  traversed  at  points  by  definito  fibres  of  connective- tissue* 

The  connective-matter  of  the  ri^tina  appears  precisely  the  same,  the 
«upportittg  fibres  of  which  are  known  under  the  name  of  Müfler^s  fibrilte 

hi  that  extraordinary  fatty  organ,  the  sfi-callcd  thymus  gland  of  hiher- 
nating  animals,  which  occurs  in  many  of  the  M am m alia,  we  meet  wuth  a 
rimilar  dense  ni^twork  of  the  finest  libreB  in  hardened  preparations. 


Fig.  itrO— Sp*>tiffy  M»Me  irttn  ttic 
KTvy  *uti»t(incc  i%t   Ihr  tumiNü 

iTiffm  wiih  vi'iy  dtluJi;  ctirtiinic 
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Flff.  IM— rt^  Hitman  fAt^elli  com- 
pletfir  flUed  wrtti  oil  lyir^  iji 


The  Bustentacular  connectivB-tissue  of  the  nervous  centres  h  lepfctdiieed 
ki  a  nuniIj€T  of  pathological  growths,  Theso  havo  beea  named  "  glioma" 
hj  Virchow. 

8.  Fatty  Tisaue* 

S  120. 

Tatty  tissue,  Avith  a  specifie  gravity  of  0924  {\\\  Kramc  and  I^ 
Ft  scher),  consists  of  large  roundish  celU 
measuring  0  0340-0 '1300  mm.,  and  uudai  of 
0  0076-0^001)0  mm.,  whose  thin  anvt-4o|j©  id 
usually  cotDpletely  occupied  by  one  single  oil 
.  -  /^T^>UÄj^  globule.  Xbese  fkt-cella  usually  lio  henped 
^  £   ^^AX^^^-HR;  together  in  considerahlQ  groups  (tig.  190),  imd 

Ij    ^^       ^^_y/  occur  in  parts  formed  of  coTiuective-tiaeuo  of 

Q  KS  o  -V  looso   texture,  the  so-called   formless  «pedes» 

They  geuftrally  constitute  the  coniplement&ty  j 
substance  of  the  cavities  in  the  latter,  which 
diminishes  frequently  in  quantity  between  tb#  i 
individual  cells  of  such  a  group. 

The  lb  in  membrane  is  completely  oliscured 
by  the  dark  outliucÄ  of  the  fatly  contents,  so 
tbat  culls  of  this  tissue  display  mucli  diiHlarily 
to  free  drops  of  fat.  They  »bow  sharply 
defined  dark  edges  with  transmitted  light ;  but 
when  reflected,  their  silvery  border  appears  whitish  or  yellowish  white. 
Butj  on  the  other  liauii,  the  close  crowding  to  which  tlioy  are  sulyecLeil 
frequently  leads  to  a  flattening  of  adjaeeut  cells  at  the  points  of  eontacl, 
%ö  that  they  assume  a  polyhedral  form,  which  does  not  take  place  with 

free  drops  of  oil  (fig.  190,  b),  which  coa- 
lesce when  pressed  oue  against  the  other, 
^         ^^^P  like  those  drops  of  grease  seen  floating  oti 

^Hjl^  ^^r  j&     ^      ^^^  surface  of  soup. 

I^^^^b^  r    /?  Careful   eäaminatton  directly  of  com* 

^^K^KF  M  ^  pletely  filled    tatrcella    may  lead   to    tho 

^^Pr     /'"^  jW    /^^^     conclusion  that  they  possess  a  membrane, 

but  doed  not  enable  \iä  to  disciL^ver  it. 
For  this  certain  treatment  is  required^ 
ThuF,  by  mcreasing  pressuri,^,  w^e  may  cause 
the  very  t^nac  mem  braue  to  rupture,  on 
wliicli  the  flaccid  empty  en Yeloi>eö  of  lai^ 
cells  are  eeen  as  thin  sti'uctureless  saccule« 
(flg*  190,  c).  We  may  likewise  eximet 
the  contents  from  the  uninjured  envelope 
chemically,  by  treatment  with  alcohol  tutd 
etben  In  such  cells  artdicial  colouring  i^ 
nece^ary  before  the  nuclei  can  be  seen. 

But  the  fttt-cella  may  deviate  more  or  less  from  the  fttudamentid  form 
just  de^cribech  Their  contents  consist  of  a  mixture  of  oily  tind  solid 
neutral  fat^,  always,  how*ever,  of  one  which  i&  fluid  and  soft  at  the  ordinary 
temperature  of  the  Jiving  biwly*  In  warm-blooded  Yertehrotes  iho 
cooling  of  the  cor]^*seljnng3  about,  not  unfrequeutly,  in  such  as  am  rieh 
in  solid  fiitg,  a  congelation  of  the  contents»  J  be  fiit-cells  lo^e,  in  such  a 
caae,  their  round  plunip  figure  and  delicate  outline,  and  hecomo  rough. 


fCnrvpai    c,    ccEIb   wfOi  fiTottpB  Af  the 
IttfTfir  In  thu  inrerloT;  il,  nil  oi<^lnfti:)r 
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angular,  and  kootty.  On  being  warmed,  they  ASBume,  however,  their 
former  smooth  appearance  once  more» 

Again,  we  meet  with  peculiar  appeara^nces  in  those  cells  in  which  a  part 
of  the  9olid  fat  of  the  contents  has  become  crjstaUine  {ßg,  191,  c).  In 
such,  groups  of  needle-shaped  crystals,  e^ither  single,  double,  or  in  greater 
rtumber,  are  to  bo  found.  These  were  declared  formerly,  quite  arbitrarily, 
by  microscopists,  to  be  compose<l  of  mrtrgarin  or  marguric  acid*  Such  cells 
I*ave  long  been  known.  Eventually,  the  whole  contents  may  be  converted 
into  such  a  crystalline  mass  (Kullikcr). 

Such  cells  are  the  result  of  the  cooling  of  the  corpse,  and  are  not  found 
in  the  warm  living  hotly. 

B.£]CAaKa — 1.  To*M  »nd  Bovmann'*  Physiol  AnitM  vol,  I  p*  80*  2.  Fftt-<jelb 
nioTinted  in  gl/cetin  nsa&Uy  show  Iheac  eryabalLisatianK. 

§  12L 

Hiese  normal  cells  just  descri)^ — le.y  those  surcharged  with  fat^ — have 
little  instructive  about  thetn.  There 
can  .l>e  but  little  doubt  tliat  here 
also  the  oil  globule  ii  enveloped  in 
Ä  thin  coating  of  protoplasm  with 
a  peripheml  nucleus.  Tliis  will  be 
eoaily  tinderatood  after  examination 
of  those  cells,  poor  or  almost  entirely 
deprivf^d  f>f  fatty  contents,  the  scrum 
rWfj  of  early  observers  (tig.  192, 
2,  h)^  small  structures  found  in 
emaciate«  1  subjcicts.  Here  we  find 
ao  abundant,  probiibly  watery,  pro  to* 
pl^sm  in  the  place  of  the  fat.  Let 
us  examine  such  cells  somewhat  more 
minutely. 

Instances  are  met  with,  in  the 
firet  place,  in  which  a  considerable 
fat  globule  is  separated  from  th:? 
[^(lelicate  outline  of  the  envelope  by 

thin  interposed  layer  of  Huid  (I, 
'CTj  ^),  in  which  the  nucleus  (c,  d)f 
situated  at  the  circumference,  may 
be  diiscoyered.  The  latter  is  smooth 
in  Dutiine,  and  at  times  vesicular. 
Jn  such  cases  we  not  un frequently 
observe  a  darker  yellowish  tint  than 
uiual  in  th  e  fa  tty  o  o  n  te  n  ts ,  w  h  ic  h  i n  teu- 
sitif^  the  more  the  latter  decreases  in 
i|uuntitv;  so  that  adipose  tissue  which 
lias  undergone  this  change  strikes 
even  the  unaided  eye  on  account 
of  its  yellowish -red  appearance*  When  such  fat -colls  ara  crowded 
together,  they  frecjuently  give  rise  to  an  uncommonly  delicate  structurtf 
resembling  hyahne  cartilage  surcharged  with  fatty  globules^ 

Owing  to  the  progressive  disappearance  of  fat  from  these  ceUsy  we 
not   unfrequently  find    an   oil   globule   decreasing   more   and   mom  in 
aize  (/).     In  others,  this  decreasing  globule  may  become  divided  into 
14 


%©' 


> 


Fl|;  \9i.n-CelU  Inconip^etpif  flHrd  witli  fhts. 
L  FfDUi  the  imlH«gLiRti«t)i,i»  ciilaiar  Uaeue  t>t 
A  Ur*n  bumaTii  «iiblfct^  in  vtIüqU  thfl  umimnt 
Qir  t^tty  ci^ntcnti  in  un  th«  flicTeKM!.  a^  wit  It 
A  UiKf^^  b.  vilMj  A  »niAlleroU  i^Lotiule;  (^miü 
d  fli«  iiud4!l  vliiUtle ;  f^  t  ctU  with  nL<pA.ritt« 
h'lobuU'a ;  /,  with  K  jingle  Bniftll  drnp ;  ff, 
oliDUflt  fnc  nf  tax ;  ind  ft,  iftitliout  Sut  «ml 
wttJi  ft  nlobiilD  of  Mil  R^burnliKMU  lubHtulicx^ 
In  I  hie  m'tt?TiHr.  H,  Cclli  of  fatly  tluue 
tnim  t\tc  nclF^hbvurhofjd  of  Ih«  k^daty  i>r 
H  ilicrr]>  unitifyii,  mGAgnrliii;  10  knvhck 
They  »re  bectniihiR  Htiinl  mum  «id  ni»re 
will}  t9,ii  a  «Jill  b„  tftfllntcd  cvlli  «ahant 
the  Utt^^rs  r,  m  tnlU-crion  of  the  Bwne;  d-^ 
ceU%  wllh  tiiiTi^aalDK  dupcAlt  ot  tutif  Call- 
tutiCt. 
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Bereml  drops  of  diffomnt  size^,  and  frequently  very  diminutive  (e,  §% 
Finally,  we  meet  with  cells  from  which  (A)  all  the  fatty  glomemlcs 
of  the  contents  have  vanished,  and  in  which  the  whole  cavity  ia  occupieti 
by  ft  homogeneous  liquid. 

With  the  döCTGftse  of  the  fat  the  tiuclei  become  more  apparent  as 
essential  constituenti  of  the  cells.  If  the  envelope»  in  other  respects^ 
preserve  its  original  thinness,  the  whole  structure  is  very  delicate  in 
contour  and  easy  to  examine.  Sometimes  the  disappearance  of  tha  £ii 
is  accompanied  by  another  process — namely,  segmentÄtion  of  the  nuclei  of 
the  different  elements,  until  the  old  envelope  is  EUed  with  several  nuclei 
and  cells  (Flemming).  The  same  is  seen  in  inflammation  of  adipose 
tissue, 

REiif  AUKS. — llie  tAct  that  the  nucleus  Alwsys  reappeftra  in  cells  which  Ihas  loa« 
their  fat»,  Allows  of  no  other  explanatiou  than  tliat:  in  the  completely-liüed  eella  of 
ordinär}'  fatty  tmue  it  is  likcwbe  present.  Portion»  of  this  tis«ue  prepAred  with 
oiniiine,  iwd  mounted  in  Canada  hakam  after  their  water  ha«  been  extracted,  reveid 
the  proseDce  of  iv  nnelous  alao, 

§  122. 

As  we  have  already  seen,  iatH^ells  are  found  accompanying  formlcfls, 

soft  connective- tissue,  whose  in* 
*^  ^j5^^=rÄ.  .*s^«^  terstices   and   cavities    they   oc- 

cupy. Here  they  form  ejoscly 
crowded  pellets  of  fatty  tissue^ 
which  are  traversed  by  a  very 
complex  network  of  capilWies 
(tig.  195,  A)i  in  each  mesh  of 
which  a  single  cell  ia  üituated 
(B),  The  energetic  intcrcbaüge 
of  matter  which  takes  plaoo  at 
times  among  these  cells  is  thus 
easily  accounted  for  by  the  great 
viisciilarity  of  the  structure» 

Fatty  tissue,  which  forms  m 
large  proportion  of  any  weil- 
nourifihed  body,  ia  founJ,  lirst 
of  all«  in  subcutaneous  connee» 
tive-tissuet  constituting  here  the 
panmcuhig  adipomw,  and  in 
numerous  other  smaller  and  ir- 
regular collections  chiefly  along 
the  course  of  the  blood-vessels» 
Its  amount  varieSf  however^ 
according  to  the  region  of 
tho  body.  Thus  large  collec- 
tion b  of  cells  are  to  be  found 
under  the  skin  of  tho  foot,  nf 
the  palm  of  the  hand,  of  the  hottocks,  of  the  female  mammary  gland, 
&c.,  while  the  eyelid  is  quite  destitute  of  fat  Further,  we  meet  with 
an  abundance  of  adi[K)se  tisstio  around  the  synovial  ca{.isulc8  of  joints 
very  frt^quently,  as  well  as  in  the  orbit,  where  it  is  never  abseitt,  laven 
in  cases  of  the  greatest  emaciation.  Again,  in  tlio  medullary  cjiiial  of 
compact  bones,  where  it  constitutes  the  yellow  marrow  of  the  piirt 
We  may  mention  also,  among  the  points  in  the  interior  of  tha  body 


Fif.  Its.— A.  CaplUurr  upfwork  fif  a  pellet  of  fut. 
(f^  the  iirtrHal:  ^  the  v^  noun  hmfgrh.  B,  Thr<« 
fat*«eUi  euc]i:i«i>it  In  the  mcsFi^taf  \hc  eipUIary  net-» 
work. 
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whoae  connective-tissue  is  iittially  occupied  by  rich  asiemMages  of  fat^ 
l«dK  the  neighbourhood  of  the  kidney,  th©  omentum,  and  the  aurfoce  of 
\itm  heaxU 

Agftiit,  the  quautity  of  these  collectians  of  fat-celie,  which,  as  a  mo*le- 
*t€ly  developed  panmcidm  adipmus^  iraparts  to  the  hody  ita  usual 
(plump,  eniooth  appeamnco,  is  subject  to  great  variation.  It  is  usually 
laj|;er  in  proportion  in  the  bodies  of  women  and  child  ren  than  in  men, 
and  during  childhood  than  at  an  advanced  ag«.  We  know  abo  how 
At  the  dilTcreuccs  in  the  amount  of  fats  are  in  well-fed  and  lean 
ndi viduitk.  A  body  in  good  condition  may  part  with  all  its  adipoae 
Mi»ue  in  consequence  of  continued  fasting,  wast- 
ing dbease,  or  a  dropsical  infiltration  of  the  eon-  *  ^  ^  « 
nective-tissuc,  and  regain  it  all  again  rapidly  with  *  ^ 
the  return  of  health.  The  fact  that  wa  fre- 
quently tind  in  very  kan  corpses  a  preservation 
of  the  cells,  although  their  contents  have  dis- 
appeared, seems  to  point  to  the  conclusion  that  the 
latter  are  more  or  less  permanent  struct ure^»  in 
whkh,  on  subsequent  return  to  eral:K>ripoijit,  the 
fluid  contents  can  be  expelled  by  the  deposit  of 
fAt 

In  exaggerated  decrees  of  obesity,  sin.h  ftn  may 
be  produced  in  domestic  animals  hy  cramuiiug,  we 
iSMJet  with  fat-celJs  in  situations  in  whicli  they 
do  not  otherwise  occur ;  for  instance,  in  the  »yh 
connective^tissue  between  the  fittrc«  of  voluntary 
tiitisclus  (fig.  191)»  where  it  may,  to  a  certain 
esct^nt,  impair  the  fanctious  of  Ilia  organ.  The 
same  is  lb  a  ca$e  in  musculat  parts  M'hich  have 
not  been  used  fi.*r  a  long  time.  But  we  must 
discriminate    between    such    fatty   in  filtration   of 

muscle  and  fatty  degenei-ation,  in  which  the  structure  is  det^troyed  by  a 
deposit  of  the  substance  in  qtieetion  in  the  interior  of  the  libre. 

By  fatty  tumours  or  liptmias  we  understand  new  formations  of  con- 
nective-tiasue  loaded  with  oil  gbbules. 

Adipose  tissue  is  bj  be  found  in  the  bodies  of  all  vertebrate  animals, 
but  ill  very  varying  quantity  and  with  ditt'erent  anatomical  distribution. 

Rr.UAitKa^-CoUectioiis  of  «diiKjse  t inane  on  tbe  eatterior  of  syiio>TLal  cap8uh<s  force 
tho  kttcr  inwarda  at  tiiii£i  in  fold«,  producing  thus  the  glandutm  mmHiM^noet^  qf 
Haver», 

§  \^Z. 

In  the  fatrcells  we  have  the  receptacles  for  the  physiological  deposit 
of  tbe  neutral  fats  of  the  Iwdy.  Their  repletion  with  the  latter  must 
be  looked  upon,  further«  as  the  normal  state  at  a  certain  period  of  life, 
while  poverty  in  this  respect  must  be  designated  as  an  abnormal  con* 
flition.  Why  these  cells  above  all  others  possess  the  power  of  taking  up 
fat  m  a  qttestion  we  are  still  unable  to  answer. 

We  have  already  considered  (pp.  26-28)  the  neutral  fats  of  the  human 
body,  and  referred  to  the  unsatisfactory  state  of  our  acquaintance  with 
theru  at  present ;  it  would  be  superfluous,  therefore,  to  enter  again  on 
tbe  subject  at  this  place. 

As  we  liave  seen  there,  the  fatty  substances  of  the  system  consist  of 


riff.  1(14.— Mofldc  wlUi  fstlf 
rrtntfmUun,        «^      ihr«« 

In  Lhc  Int^nUtlAi  catuiec- 
tlre-UjiüfiL 
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Iripalmitbi  and  tristearin,  heM  in  i^lutjon  l*y  another  oilj  neutral  fit, 
trioloin,  Tiie  more  of  the  solid  fats  ther«  are  cantaiued  in  the  ktter, 
the  bigher  stands  the  liquefying  point  of  the  compounrl,  and  the  easier 
doea  it  congeal  after  death  into  a  hard  suetj  mass.  In  keeping  with 
thia  there  exist  also  differencea  between  tho  various  portions  of  the 
body<  The  cansistenc©  of  the  fats  of  various  groups  of  aniniöb  differs 
likewiae.  In  this  respect  the  adipose  tissue  of  the  Carnivora  and  Pachy- 
derma  conespondÄ  most  nearly  to  tbat  of  the  human  being,  whiUt  that 
of  the  Huminauta  and  Bodentia  appears  to  be  nuiüh  more  solid.  The 
fatty  tisaae  of  Cetaeeans  aiid  fiabej  is,  on  the  other  hand,  of  an  oily 
nature,  a  necessary  condition  on  account  of  their  living  in  water.  Com- 
bined with  its  fatty  eontonta  there  exists«  beside«^  a  still  unknown  colour- 
ing matter  in  the  cell  oceaatonlng  its  yelluwiah  tiJit.  It  is  retained  with 
coDBiderable  tenacity  by  tho  residue  which  still  occupiSÄ  the  envelop«  after 
the  greater  part  of  the  fat  has  Jeft  the  latter,  and  communicate  to  it  a 
reddiih  yellow  tinge,  as  already  remarked  (§  121). 

Now,  as  to  the  ehemical  camtitutian  of  the  eells  which  contain  thete 
ikt3|  the  following  ia  all  that  is  at  present  known  on  the  suhjecL  Aft«r 
extraction  of  the  oily  contents  by  means  of  ether  and  hot  alcohol,  the 
empty  cell  remains  behind  in  a  flaccid  condition.  Its  membrane  ia  not 
afiected  by  acetic  acid,  but  treatment  with  the  latter  causes  the  exit  of 
globules  of  oil  from  it,  an  effect  produced  likewiae  by  the  action  of  »ul- 
pburic  acid,  and  also  by  an  elevation  of  temperaturo.  Further*  the 
envelope  ofiera  a  more  or  less  determined  resistance  to  the  action  of 
caustic  potash^  and  probably  consists  of  a  material  allied  to  elaatin. 
•  The  physiologtcal  signiflcanee  of  adipose  tissue  corresponds  partly  lo 
that  of  the  animal  fats  in  general  It  is  weU  adapted,  through  ÜM 
contents  of  it«  cells  (fluid  at  the  normal  temperature  of  the  body)«  for 
the  distribution  of  pressum  and  for  acting  as  pa«  J  ding.  Further,  it 
16  suitable  for  the  ülling  up  of  certain  interstices  between  pürtions  uf 
the  body  which  require  a  yielding  material  of  the  kind.  Agaiu,  owing 
to  its  bad  conducting  powers,  it  must  i^s train  the  giving  out  of  he«t, 
and  couseijuent  cooling  of  the  botiy,  Tho  fatty  contents,  besides«  of 
these  cells,  like  other  fats,  undergo  decomposition  through  the  almo- 
spheric  oxygen,  especially  when  they  leave  the  cavity  of  the  cell  and 
return  to  the  hlood,  the  ultimate  r^sulta  of  which  process  (afVer  many 
intermediate  products  have  been  formed)  are  the  generation  of  carbonic 
acid  and  wuter,  accompanied  by  the  evolution  of  heat 

The  neutral  fats  of  the  tissue  we  are  considering  have  their  origtü  in 
the  oily  constituents  or  matters  adapted  to  Jatty  metamorphosia  of  our 
food  This  seems  indicatod  h^  the  rapid  deposition  of  fats  which  take^ 
place  under  good  nourishment.  But  an  important  physiological  question 
here  arises.  The  fats  of  the  alimentary  matters  enter  the  radicals  vt 
the  lactesla  in  a  neutral  form,  are  met  with  ^ponihed  in  the  hbxid« 
and  again  as  a  neutral  combination  in  the  interior  of  the  celL  What 
now  becomes  of  the  glycerin  which  is  set  free  in  the  animal  juices  by  thia 
saponification,  and  whence  comes  the  same  organic  body  on  eubeei|i]ietit 
resolution  of  this  soapy  compound  1  In  regard  to  these  points  wn  poi- 
acBs  at  present  but  few  facts  {§  18).  That  the  protoplasm  of  the  cell* 
bodies  pkys  an  important  part  in  the  proceasea  cannot,  Ihereforet  be 
maintained  without  question.  Just  ns  little  ia  known  al^o  about  Uis 
series  of  ehangea  produced  in  the  ehihomtion  of  fata  from  atbnminotu 
suhstancea  and  hydro  carbons. 
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Flit.  It«.— Tl^seuf  of  the  K^lifVn  r.^  Tr^     *  ■           r^:  nl 
l»!  «qnii«ctlv«'^iluap.      «, L^r- 


Tita  thz'ülopmmt  of  fat^^^lla  tn  the  embrj«,  and  tbe  naturtj  tif  the 
tiasuci  at  an  eiirly  age,  is  partially  understood.  'I'Jie  fortiier  takes  place 
along  the  conr&o  of  the  bloud- 
veific'ia  (i^arlj  or  Itite  accoixiing 
to  tKö  locklit)')  (Flcmmimj^ 
Tüiät}^  |x>saibly  by  the  nieti- 
roorphosta  of  rcmndish  eella 
btsanng  more  of  an  embryonic 
cbamcter  (FirMfli/^i  -^^^^^t  ^^^^ 
frit),  or  from  {joniiective-tissue 
cclk  iFtemmifif^)^  There  is 
no  timibt,  however,  tliafc  later 
in  lifo  a  format iou  of  fat-cells 
ifo€»  t^kc  place  frequently  io 
con nm t  i  vi>t issii e  by  meUroor- 
pbosis  of  its  cells. 

lieeerving  the  consideratiün 
of  ita  deveiopnieut  in  thu  !iol- 
bw8  of  rudimentary  bone^  w« 
wül  be  re  diseu»a  tbe  formation 
of  futrculja  in  formless  connec- 
tive-tbaue. 

Tbi»  takea  place  poasibly 
fimn  the  spberoidal  cells  whidi  occupy  tbe  interstices  of  rudimentwry 
formlesa  eonnt^clive-tisaiio  (fig.  lUS^  c,  <:).  By  tbe  segmentation  of 
tbe  former,  grou|ia  aprmg  up^  which  till  u|>  ibeee  spaces  at  a  later 
perind. 

Aprording  to  Vctienttnjf  statemtntÄ,  which,  bowover,  neither  Oerlaeh  nor 
myself  have  been  able  to  vorify,  thore 
may  ht\  seen  isolated  adi|i[»9e  cell», 
but  «till  destitute  of  fat,  in  tbo  «ale 
of  tbe  foTit  and  palm  of  tb«  hand  of 
very  yonng  human  embryos — c^.^  of 
fouitecn  iveeka  olJ. 

At  a  later  period  (6g*  106,  2),  the 
fatly  tissno  prej^ent-s  very  peeuliar 
a|^;  <.     Spheroidal  eel U  (a,  I») 

ot  ible  fixe»  coutaining  yesi- 

euU?  uutlei,  and  finely  granular 
eotitajita,  lie  crovirded  together  in 
"^  ual  characteristic  manner  (c), 
ed  into  poly  bed  ra,  and  en- 
Itwed  in  the  well-known  vascular 
network.  As  yet»  however,  tbuy 
eontaiu  no  oil  glohulesi  Tbe  cells 
«jf  a  lO'incb  Bhecp'a  embryo  are 
ubout  half  aa  large  na  those  in 
tlto  fuUgMwn  animal,  while  tbe 
nuclei  ar^  on  au  average  O'UOÖG 
imn.  Now  commences  (apparently)  tbe  very  interesting  and  gradual  pro- 
cofii  by  which  tbe  ceH  is  ILUeil  with  fatty  matters^  which  may  be  ob- 


Fifi.  iw. 


204 


MANUAL  OF  HISTOLOGY, 


served  in  a  number  of  cases  at  varioua  stages  in  its  progfess.  It 
repeats  in  faofc,  inversely,  the  appear  an  cos  presented  in  the  niature  bod;r 
by  the  cells  whose  fritty  contents  are  diminishing  (§  122).  We  Er^t 
aae  isolated  globules   of  oil  appearing  {d)f  which  become  mors  nume- 


tivp-llt^ne  cfIIa;  m  the  right,  tbnUiir  itmettiit«  tilled  with  fit.    Fi»-«elUl  to  lit« 

rons  (fj)j  ftntl  anbsequentlj  run  into  one  another^  forming  krg«r  drop« 

u  f^  ji)^  while  the  ori^jinal  finely  granular  comtentg  of  the  ccU  ilecreas© 

more  an«i  more.      This  deposit  of  fat,  moreover,  commences  sometimea 

early,  sometimes    late,  in    the    different  classea   of   Mammals.       These 

appearances,  however,   are  explained  in  a  completely  diß'erent   manner 

by    Flemminff^   the   most    recent   observer   of   not«. 

/  1  Ife    looks    upon  these  cell§  also  as  elements  partly 

^"^Ä     i^i  deprived  of  fat,  and  suppnaes  that  m  embryos  ami 

^JjO      /\  y^ung  aninoals  which  have  been  richly  fed  (tig,  197), 

'  fat  cells  are  always  formed  subsequently  from  the  coll- 

ular  elements  of  connective-ttssue.     The  finai  dec:isioti 

upon  these  points  must  remain  for  future  inveütigation. 

The  fat^Us  of  an  early  period  of  life  are,  aa  we 

have    known    since  MoitpaiP^  day,    and   as  our   ex* 

ample  shows,  mni^h  smaller  than  in  thw  maluro  body. 

According   to   Haritrif/^  very  careful  meaauremenis^ 

ihoBB  of  the  orbit  in  the  infant  are  about  Imlf,  thoao 

of  the  palm  of  the  hanti,  about  a  third  as  larc^  ms  tlio 

same  in  the  ad  ulk     Hartinfj  concludes  from  this,  Ihai 

with  the  increase  in  vohtme  of  an  organ  only  a  ©or- 

reaponding  increase  in  tlio  size  of  the  cells  t&kea  plaem. 

It  would  be  wall  if  the  interesting  question  proposad 

by  him  could  be  accurately  answered,  namely,  whether 

the  fat-cell^  of  a  lean  bmly  are  generally  emall«ir  than 

those  of  a  well-fed  and  plump  one« 

This   near  relationship  existing  between  the  ceUs 
of  fatty  and  connective  tissue  is  confirmed  by  further 
observation.     As  Virchow^  WHtich,  and  Förster  state,  atrophied  oigaiUi 


tlBUfii         t'urpnpcli'i 

«I«  loflUmt«!)  with 
t*t,  unpIcrRinlnK 

Intufonnwtlon  Uun 
taM'^lb,  I«.  «Iruinl 
tiiAuh*tiitiMl :  K  eclb 
nil  hi  i;  wit  It  fati  t 

fftllt^«  whhM  finj- 
oeUf«  afti  dlmhnJiih' 
III (t  In  »tie;  J,  f\iVy 
dlcir«lori)ed      ■ül|Hn« 
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are  often  enveloped  in  and  traversed  by  tracts  of  fntty  tissue.  We 
have  already  alladed  to  the  same  kind  of  transformation  between  the 
elements  of  muscle  (fig.  194).  Here  (fig.  108)  may  be  seen  all  the 
transitions  from  connective-tissue  corpuscles  to  fat-cells  in  the  loose 
coDnective- tissue  situated  in  fleshy  substance.  We  see  the  first  of 
these  (a)  becoming  gradually  filled  with  small  and  large  globules  (h), 
which  commence  to  fuse  with  one  another.  Owing  to  thir>,  cells  origi- 
nally fusiform  become  expanded  gradually  (c)  into  tlio  spherical  form 
of  the  fat-cell.  Here,  then,  we  have  fat-colls  springing  from  connective- 
tissue  corpuscles,  an  occurrence  which  has  also  been  observed  by  Förster 
in  the  formation  of  lipomas. 

The  question  also  as  to  whether  fat-cells  may  again  undergo  retrograde 
development  into  ordinary  fusiform  and  stellate  connective-tissue  cells, 
may  be  answered  in  the  affirmative.  Thus  KöUiker  observed,  after 
disappearance  of  the  fatty  matter  of  the  subcutaneous  cellular  tissue, 
the  so-called  serous  fat-cells  (§  121)  become  transformed  into  such  con- 
nective-tissue corpuscles.  The  same  may  be  seen  under  similar  circum- 
stances around  the  hilus  of  the  kidney  and  under  the  pericardium,  where 
the  fatty  tissue  is  transformed  into  a  regular  mucoid  tissue  (Vv'chow), 


9.  Oonnective-TiBSue. 
§125. 

Under  the  name  of  connective-iisme  is  understood  a  s\ibstance  widely 
distributed  throughout  the  body,  consisting,  like  those  structures  already 
considered,  of  cells  or  their  rudiments  and  intercellular  matter.  The 
latter,  however,  is  here  glutin-yielding,  and  indeed  afibrds  almost  always 
collagen,  except  in  rare  and  exceptional  cases,  such  as  the  cornea,  where 
chondrin  is  obtained  from  it.  It  is  likewise  characterised  by  its  ten- 
dency to  break  up  into  fibres,  which  latter  process  has  already  taken 
place,  more  or  less,  in  every  well-developed  connective-tissue,  giving  rise  to 
connective-tissue  fibrillce  and  fasciculi  in  a  structureless  substance.  Again, 
there  appear  in  this  tissue  elastic  elements  besides,  which  have  originated 
in  the  metamorphosis  of  the  intercellular  matter.  They  enter  into  the 
formation  of  fibres,  networks  of  the  latter,  fenestrated  membranes,  ter- 
minal layers  around  fasciculi  of  connective-tissue  and  interspaces,  which 
may  harbour  cells. 

Now,  although  it  is  thus  possible  to  characterise  in  a  few  words  the 
peculiarities  of  most  parts  of  the  body  consisting  of  connective-tissue, 
and  though,  from  this  point  of  view,  the  latter  may  be  looked  upon,  in 
many  cases,  as  only  a  higher  stage  of  development  of  that  substance, 
described  in  a  previous  section  as  gelatinous  tissue,  still  we  must  remember 
that  many  parts  formed  of  this  tissue  differ  more  or  less  from  this  plan 
which  we  have  just  given,  and  may  deviate  even  so  far  as  to  be  beyond 
being  recognised  as  belonging  to  it.  Connective-tissue  appears  indeed 
in  such  a  variety  of  forms  that  its  limits  arc  rather  difficult  to  define,  and 
every  histologist  of  the  present  day  gives  the  name  connective-tissue  to 
things  which  are  frequently  very  remote  from  what  was  considered  such 
at  an  earlier  microscopic  epoch. 

.  If  we  now  inquire,  in  order  to  obtain  a  clue  through  the  difficulties  of 
the  coming  description,  what  these  modifications  are,  the  following  points 
may  be  noticed. 
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We  have,  in  the  firat  place,  one  apecies  nf  tliii  tissue  wlach  is  ebanv; 
terisetl  by  the  scanty  development  of  its  interstitial  matter,  while  the 
greater  part  of  it  consbts  of  abundant  fully-developed  connect ivo-tiaau© 
ciirpuä^jles,  eilht^r  in  the  form  of  simple  cells  or  of  eelluliir  netwoffes. 
In  this  thiTo  is  no  sign  of  Übrillatioti^  as  a  rule     The  cells  may  retaiaJ 
their  ordinary  homogeneous  con tt^rits,  or  may  become  filled  with  gmnuk 
of  melanin^  thus  giving  rise  to  the  so-called  st«lUto  pigment  cells.     Ami 
long  as  the  corpuscles  are  assembled  togelher  without  order,  the  homogn-  ^ 
neons  intermediate  substance  shows  no  tendency  it}  divide  in  any  dednite 
direction  ;  but  where,  in  other  parts  composed  of  this  tissue,  the  cells  are 
arrftnged  in  rows,  one  after  anotherj  the  intercelliilir  substance  andergoefl 
a  change,  and  *b€ comes  scissile  in  the  direction  indicated  by  the  position 
nf  the  cells  :  it  divides  into  bands  and  leaves. 

Both  arrangements  of  the  cells  now  lead  gradually  on  to  fuUy-developad 
connectivotit?sue,  in  that  the  intt^reellular  matter  becomes  cleft,  shreddy, 
and  finally  fibrillatetL  At  the  same  time  (and  we  are  here  intrmluced  Ut 
a  new  variety  of  the  tissue),  the  corpuscles  eitlier  preserve  lljeir  original 
celiular  character,  or  are  diminished  down  to  their  nueleiis  nit? rely.  !No 
less  liable  to  variation  is  the  proportion  of  these  cells  and  their  rt^^iitlu*?  in 
the  different  structures  formed  of  connective-tiasue.  Finally,  the  elttstie 
elements,  whose  multifariousness  has  already  been  referred  to  abovü,  dis- 
play the  j^rei*teat  diversity  of  form,  and  in  the  relative  frequency  with 
which  they  occur. 

The  present  state  of  our  acquaintance  with  the  nature  of  connectiv)»- 
tissue,  however,  leaves  much  still  to  he  desired.  In  the  firit  plaoe,  wc 
are  una  ware  here  and  there  of  the  limita  of  the  tissue;  and  then  again 
the  mode  of  deveh>pment  of  parts  consisting  of  it  requires  a  more  thorough 
iiivesti^tion  in  many  eases  than  it  has  yet  receiv&d.  Finally,  the  nature 
of  the  Li,«!sue  opposes  many  obstaelea  to  investigation  ;  for  instance,  the  ßo- 
calleil  fibrillie  of  connective-tissue  obscure^  as  a  rule,  all  the  other  elements, 
BO  (ftat  the  latter  can  only  be  recognised  after  treatment  of  the  whole  with 
strong  chemical  reagents.  Ikit  these  give  rise  to  great  change.^,  espc^iftlly 
in  the  cells,  and  the  distorted  strnctures  seen  by  their  aitl  are  very  differ* 
ent  things  from  the  norm^ü  living  connective- tissue  cell  a.  In  i-cgani  t*? 
the  latter  our  knowledge  is  still  very  insufticienL 

EaiiAuas. — In  the  earlier  <layäf)f  fnadern  histology,  cennecÜTe-ttasue  wu  d«- 
mibed  at*  snbstiiace  c!omTK)ät.-iJ  of  line  traiisparent  fibres,  croasing  one  another  pftftly, 
and  in  part  collected  tof^uthet-  in  bundle^^  but  liavin|F  no  further  and  ^pe^i«!  oi^ltulftr 
»lamflotai'y  p&rta.    Thä  ktt^r  were  first  notictKl  much  liit«r. 


5  12G, 

We  now  turn  to  the  consideration  of  the  elcmenU  of  typieol  eontieetif*^ 

tissue^  and  shall,  in  the  tirst  place,  describe  that  part  of  it  which  has  htisa 
longest  known  and  is  most  characteristic — namely,  the  glutin-yiuldtng 
fibre.  The  latter  is  met  with  in  the  form  of  a  very  delicate,  extenaible^ 
and,  at  the  same  time^  elastic  thread,  transparent,  and  having  a  ilucknc» 
of  about  O'OOOT  mm.,  and  without  branches. 

These  primitim  fihriUm  of  connective -tissue  (fig,  199)  are  at  timoa 
grouped  in  ver\'  varying  number,  in  strands  and  bundle»  Qi  extremely  dis- 
similar stitingth,  but  may  be  separated  from  one  another  either  by  simple 
mechanical  dls^iection  or  by  the  actioti  of  chemical  agents  (RoUrii\ 
and  this  with  tolemble  ease  and  in  eonsi<lerable  length.      The  elasti- 
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city  of  the  fibre  often  gives  iiae  to  a  peetüiar  delicately  wavy  or  undulating 
cüuree  in  the  fusciculi  of  the  tissue,  whieh  gives  to  many  parts  the  appear* 
.  ance,  recogiiieable  even  without  the  microscope^  of  being  made  up  of  bands, 
KT  transveratjy  ribljed.  The  interlacement  of  the  bnndles  is  besides 
'Ikble  to  variation.  They  frequently  pa«i  through  the  same  plane  along- 
aide  üf  one  another,  in  which  case  there  usually  appears  a  considerable 
amouiit  of  homogeneous  residual  interstitial  matter,  m  a  pale  thin  lamella, 
through  which  the  several  fasciculi 
are  connected  with  one  another. 
In  othi*r  case@^  again,  the  bundles 
Laro  an^mgftd  parallel  to  one  an- 
»ther,  and  at  the  same  time  ruther 
jetiM^y,  so  tliat  the  residuo  of  uu- 
changed  intercellular  substance  iä 
greatly  diminished^  as,  ft) r  instance, 
in  a  t<mdon.  Finally,  the  bundles 
umy  lie  woven  ttigether  more  con- 
fusedly, though  at  times  alao  witli 
a  certain  amount  of  regularity  aii«l 
r^tangular  arrangement,  but  a:* 
that  no  particidax  direction  in  tiieir 
course  appears  to  be  the  predomi- 
nant  one — as,  for  instance,  in  the 
sclerotic  coat  of  the  eye.  From 
this  we  f^ee  that  parts  formed  of 
connective- tissue  may  diifer  most 
taesentially  in  appearance,  consist- 
ence, &c. 

Cffirterftvr-tinitae  hundks  possess,  according  to  the  number  of  fibrils 
!  in  them,  a  greater  or  lesser  diameter.     And  as  these  may  again 
h  I  ted  to  f*>rm  th  iclcer  corda^  they  can  be  distingaished  aB  prtmartf^ 

seeomiart/,  and  iertmrtj  fwicicitU^ 

An  important  question  now  arise«,  namely,  w^hether  these  aggregations 

of  fibrdlm  are  naked  and  without  any  envelope,  or  whether  the  whole 

•ttraud  is  not  encased  in  a  homogeneous  sheath  of  condensed  substance. 

The  tirst  of  the.se  may  be  looked  upon  in  general  as  the  most  probable 

1  atate  of  the  two.     And  yet  we  may  distinguish  in  maiiy  places  bundle« 

rhich  are  enclosed  in  an  envelope,  sometimes  thick,  and  sometimea  of 

at  delicacy.  These  occur  especially  where  the  connective- tissue  is 
kxiaely  arranged»  as,  for  instance,  in  subcutaneous  cellular  tissue,  or,  more 
distinctly  still,  at  the  base  of  the  brain.  The  membranes  so  formed, 
moreover,  may  have  preserved  the  ordinär)*^  glutin-yielding  nature,  or  have 
undergone  subsequently  a  metamorphosis  into  clastic  matter  (see  belowV, 

Acetic  acid  hns  come  greatly  into  U843  as  an  important  reagent  in  the 
[ive^tigattou  of  the  tissue  in  question.  The  f^cionli  of  connectivo-tiasue^ 
imely,  which,  owing  to  their  nature  as  collagenic  structtirefl,  ara  to  a 
rrtaiu  exttjnt  remarkable  for  their  insolubility,  lose  very  lapidly  their 
Sbrous  appearance  nntier  the  action  of  the  add,  and  become  clear  and 
Iranspnrt'nt,  swelling  \i\i  at  the  same  time  very  considerably.  In  tissue 
rendert'd  clcfir  in  this  manner^  wliich  is  not  un frequently  marked  by  a 
transverse  striping  together  with  the  puthng  out  of  tha  bundles,  the 
cinstic  fibres  and  networks  now  make  their  ap{>earance  in  Uie  most  beauti- 
ful way,  Wside  which  wo  are  also  able  to  recogidse  the  changed  connectivo- 
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tissue  corpuscles.  The  relative  propürtions  also  of  elastic  parts  may  b# 
oatimated  by  the  aid  of  this  reagent,  and  without  the  microscope ;  for  a 
connectivo-tissue  which  has  a  great  ahuridanee  of  the  former  j\s  compo- 
ncnt«  h  rendered  but  little  clearer  by  this  treatment. 

That  no  solution  of  the  faBciculi  takea  place  ia  easy  of  demonstration  ; 
for  on  carefully  washing  out  a  small  portion  of  tissue  which  has  been 
acted  on  by  the  acid,  the  fibriUfie  again  become  visible. 

ElMABKB.— 1.  Fram  the  fact  thAt  thfi  fihrillas  of  connect! re-ttsane  are  so  extremely 
ine,  and  only  appe^tr  nasociäted  in  bundles,  it  ia  not  simng«  that  at  a  time  not  lon^ 

Ct  thäir  existence  aa  nataml  fitructurLS  should  have  he<fö  completely  dcitieid.  ITvi» 
happened  with  Jieidunrt^  in  liis  otherwiao  so  important  and  atimulattng  work. 
According  to  \im  vieW|  the  grouud-maKs  of  parts  cnm posed  of  connectivü'tbsue  con- 
Bista  of  homogeneouB,  utructureleaa  matter,  which  has  a  tenden^vy  to  shrink  together, 
forming  foldfl,  whieh  convi?y  to  the  eye  the  Imprtssioa  of  übrillna.  It  has  also  a 
t^ndencf  to  split  op  lu  the  same  direction*  Now»  altbongli,  in  former  time»,  the 
Htmctare  of  uonnective-tissuo  waii  looked  upon  to  too  greal  on  extent  aa  unlforni,  and 
thi*  refliduev  of  interceUulnr  substance  had  been  frequently  overlooked,  still  uvery  unprts- 
judiced  inquirer  tntü  the  true  ^t^te  of  the  caite  may  SLtiafy  himself  of  the  UMtenablet)«ss 
lA  ikkhfrt  ^  theory.  A  portion  of  Hviug  tiisue  evoi  shows  the  fibrillar  und  cxamn%- 
t  ion  with  the  polarisation  apparutuü  tsaft^he»  their  pr^scnt'e  rtlso.  Ou  transversa  sections 
of  teudotis,  for  itiatance,  vre  may  al^o  remark  a  fincly-pun^^tateil  appetiiunc«,  which  ha» 
beru  regarded  by  many  öbservcna  as  due  to  the  eiida  of  divided  fibril ln*  %.  AUef 
thn.t  Nm!r  h'ld  shown  "that  fibres  could  be  isohited  by  alternate  trcntmeiit  with  differ- 
ent reagents,  producing  shrinking  or  awellin^,  as,  for  itistanee,  with  dilute  a^d  coti- 
centnited  nitric  or  hydrochloric  acid,  JMMi  found  that  Bü*eping  in  lime-water  (or, 
much  more  rnpidly,  baTTla)  dissolved  the  cementing  snbstAnee,  m  that  the  fibres  could 
Iw  sprt^ad  out.*  According  to  this  observer,  conneetive-tissue  resolve»  itself,  on  being 
treated  with  the  reagents  in  question,  either  immcdrntcly  into  fibrillie  or  into  bundle«, 
which  only  divide  into  the  fatter  on  prolonged  maeerstion.  Based  on  thesü  fiacta, 
MoUtti  proposes  to  dintingniah  two  forms  of  fibrilktloa  in  connective-tissue.  For 
the  ftrst  of  thes&,  tendon  atforda  an  exnnnple.  In  the  same  category  he  reckons  also 
the  butidlts  of  the  selerotica  of  the  aponüuros^s,  the  ßbrous  ligaiiu;nte  of  jolnU,  the 
dura  mflt^r,  and  the  inter-srtiGuUr  ligaments. 

Among  the  tissues  which  show  the  second  form  of  resolution  art:  the  cutis,  con^ 
junctiva,  siibcutrintsous  cellular  tissue,  submvicosa  of  the  tn  test  in  es,  and  iitntca  ud* 
ventUia  of  vessels.  In  our  opinion,  the  question  here  only  turns  upon  quantiUtive 
dilTcrences* 


By  means  of  the  reagenU  mentioned  in  the  previous  »ection  we  ara 
enabled  also  to  recognise  the  elastic  elements  inibeddtd  in  the  conriec- 
tiTre-tissue,  which  u  rendered  cIcaf  hy  the  formen  These  aro  »U  alike 
iQ  their  power  of  rcsiatiiig  not  only  the  action  of  acids,  hat  also  that  of 
potash  ley,  however  much  the  form  in  which  tliey  appear  may  vary. 
The  latter  is  the  most  important  agent  for  their  recognition» 

Masiiö  fibres  are  of  the  commonest  occurrence.  They  are  mot  with  at 
one  time  fine,  at  another  of  no  inconsLderable  thicknesa;  eometimoa  mmpl4% 
sometimea  branched. 

The  most  delicate  elastic  fibres  (fig.  200,  «)  wore  formerly  known  by 
the  name  of  nucleus  Jibres  (Gerber  and  Henh)^  being  erroneously  sup* 
posed  to  arise  from  the  fusion  of  fusiform  elongated  nuclei.  Tboy 
are  frequently  met  ivith  as  constituents  of  eon  nee  tive-t  issue  in  many  part* 
of  the  body,  as,  for  instance,  in  that  of  loose  texture  lying  under  the  akin. 
Their  diameter  may  be  the  same  as  that  of  tJ»o  canuectivc-tissne  tibriK  but 
their  dark  contour  ami  fnr  more  tortuous  course,  their  irregularly4wisted| 
cork -screw*- like  or  hooked  appearance,  renders  their  recognition  easy. 
Their  peculiar  appearance  is  the  result  of  their  elasticity,  as  well  as  of  tho 
manner  m  which  they  have  been  cut»  combined  with  the  swelling  up  of 
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Tliufl  the  yellow  ligaments  of  the  vertebral  columii  are  uneommoDly 
rich  in  elastic  fibres  of  0-0056-0^0065  mm,,  ^vhich  ar©  usually  met  with 
bent  ^r  arched^  and  giving  off  a  tolerable  number  of  branches,  which  are 
also  hooked  or  like  tendrila,  ajjd  frequently  attain  a  remarkable  degree  of 
txneness.  In  the  infant  euch  fibres  have  still  but  a  imall  diameter,  and 
it  ie  not  before  a  certain  amount  of  maturity  of  the  mammal  body  hai 
been  attamed  that  the  formation  of  these  broader  fibres  takes  place, 
Smaller  individuals  only  show  the  finer  examples. 

I'lie  amount  of  fibrillated  connective-tissue  found  amongst  these  is 
subject  to  great  variation.  Though  in  many  localities  tolerably  abundantj 
it  becouies  in  others  rather  scanty^  and  often  excessively  diniinisheJ  in 
amomiU  It  was  in  such  cases  m  this  that  earlier  investigatora  were 
accustomed  to  speak  of  ehislie  fmtie. 

There  could  hardly  be  a  more  suitable  object  for  the  study  of  an  elastic 
ti^ue  of  this  kind  in  all  ite  peculiarities,  than  the 
walls  of  the  larger  arteriea,  especially  those  ü£  the 
larger  mammals. 

Here  we  meet  with  tliin  elastic  membranes  {Hg, 
201,  a),  in  wliich  is  seen  a  network  of  very  Ene 
elastic  fibres  embedded  in  homogeneous  intermediate 
matter;  or  this  membranous  ground-substancc  may 
bo  pierced  with  holes  of  various  kinds  (fig.  201,  6), 
(the  fenestrated  tunic  of  Henhl  Wo  likewise 
encounter  very  simple  elastic  tunics  without  em* 
bedded  fibres  (fig.  202,  1),  which  are  also  studded 
with  apertures  (a),  the  whole  of  the  substance 
presenting  the  aptpea ranee  of  bands  and  broad  ifre- 
gnlar  fibres  (&,  e)-  Between  such  and  a  dense  in- 
terlacement of  broad  elastic  fibres  (fig,  202,  2),  it  is 
often  difhcuLt  to  distinguish  with  certainty.  Those 
dense  networks  which  have  a  homogeneous  inter* 
siitial  substance,  as  in  fig.  203,  afforil  still  better 
objects. 

In  those  localities  where  the  elastic  fibres  are  very 
broad,  their  edges  may  be  here  and  there  jagged  like  a  saw.  Again  they 
ans  frequently  pierced  with  very  njinute  lioles.  This  is  seen  very  gene- 
rally in  tiie  extcmal  coat  of  the  aorta  of  the  whale,  where  the  fibres  may 
measure  0-0056  or  even  0  0075^-0088  mm, 

§  12a 

Having  now  matle  oui'selvcs  acquainted  with  the  ordinary  bearings  of 
clastic  fibres  and  nets,  we  must  turn  to  the  consideration  of  the  limiting 


l(c  j&tirrii  from  iU&  niH^ 
dip  ciNit  of  Uic  *orta  of 
nil  itx.  Tbfl  äliTt*  »TÜ 
coUDnle^l  by  n   Immo- 

•ul»tAii<»     of     Jl    lllt-lt]* 


flK-  901.— A  (s>«n*cUv-i^Üiimi  btHiille  fiom  th«  bue  of  th«  Uumati  bnia,  tnai^  Trlih  ««eUc  udd. 

layers   of  many  connective-tissue  bundles,  which   have  sprung  from  a 
metamorphosifl  into  elaÄtic  subetanee  of  some   matter  situated  around 


them. 
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The  bujidlea  of  connective-tissue  ^hicli  pnsa  from  the  amcliiioM  to  Urn 
larger  ve^^eb  on  the  base  of 
the  brain  (fig.  204),  with  other 
iijolfttod  fasciculi  m  the  looae 
coUular  tissue  under  the  cutis 
«nd  certain  serous  membrane«, 
and  that  of  tendons  even,  show 
«aft  very  int'ereating  example 
of  the  artiticial  prr^dnction  of 
ligures  ijxtremcly  like  annular 
i*v  spiral  elastic  lihres,  and 
which  have  cveu  been  taken 
fur  them.  To  demonstrate 
this,  acetic  acid  is  employed 
at  prolonged  maceration  in 
water. 

Jn  th(j  hrat  place  we  meet 
with  fasciculi  in  which  the  elas- 
tic envelope  is  pulled  t>üt  and 
it  retched  by  the  action  of  the 
reagent,  but  remains  unin- 
jured, the  conseiiuence  of 
which  may  be  twofold  as  to 
appeamnce.  Firstly,  the  gela- 
tlnisod  iubstance  of  the  con- 
nective tissue  may  be  puöed 
out  at  intervals  into  globules, 
so  that  annular  or  at  times 
spiral  indentations  ari^e  (hg, 
205,  1,  2,  c),  or  the  pulfing 
may  he  more  one-sided,  iu 
which  case  tho  furrows  appear 
clearer  and  more  distinctly 
Bpirat  (-I),  All  these  furrow- 
ings  are  characterised  by  thciL' 
delicate  outline,  which  is  never 
Üonble*  Further,  we  may  be» 
sides  recognise  the  presence  of 

the  en%*elope  on  the  cut  end  of  (         '  j  j 

a  bundle  (2  J),  or  when  it  has 
become  separated  from  the 
contents,  in  consequence  of  the 
penetration  of  ftuld  (1  a)> 

It  frequently  occurs,  how- 
tiveTi  that  a  number  of  tran»^ 
v@rse  rents  are  produced  in 
this  elastic  envelope,  in  conae- 
quenee  of  which  the  substance 
of  the  connDCtive-tissue  may 
«weU  out  in  globuleSf  while 
enell.  portion  of  the  envelope  be- 
comeef  more  and  more  shortened 
by  the  pressure,  a  contraction  enauuig,  which  is  rapidly  increased  by  tlie 


FIjg:  SOß — Hniniir  fl  <d  ctMLnrriiv^'Mwiite  fTniii  t\w  bi»r  of 
the  hufnaB  bri-Ln,  n/ter  trcfitmrht  «rllh  irrtle  Arlii. 
Sr^mtr  üf  rhcm  liuve  ru^r*  <»f  lir*»  devtlaprd  eluuiitlc 
nbitf»  in  Tfir^r  InTt'vtri^r  L  A  baiidW  «h^jie  enielup«  I« 
tiiit  t^m,  l!«i  obllquely  wrinliiril:  ■  BniiUI  parUuji  of 
rhc  Imtter  Ia  Ktidmted  for  ft  it1)»ti  tllvtAnce^  »t  <i.  %  k 
bandit  Willi  ftnnul&r  ahruniit'n  fortli  da  of  rhc  hhratli 
Ht  vt*  ft  more  *rroriifly  pronotti:ic<wi  r>ttA1ii|f  ff  tlip  *itb- 
Bt^nc^fif  tlie  eniiii«Tt:live-l1a.o.ite  Jit  t.  nn'i  d  InnKfr  pur- 
litm  of  fhc  wrttikkfl  ciiveUii>«  tit  f.  f,  fpipi  ihg  etil  **inl 
iif  wli^ieli,  ftt  ti^  the  cQtitdtftATvprotTudiTi}^.  3,  A  bandln 
with  «nnaldr  fnt^pnems  of  the*  rnvcl^fKü  «t  «,  «nd 
%  Ur^Qr  [wrtinn  of  thti  littrr  ftL  6*  nifii«  ftlroofrlf 
wrinkled.  4.  A  »miükr  banale  nrüh  uiiitniureit  vftrkvM 
thenthi. 
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elasticity  of  the  membmne,  Tims  we  remaTk  at  first  the  fragment  of  tho 
sUeatli  atill  long  and  transversely  ribbed  (3  h),  b«t  fioon^  and  esjiociully  when 
from  both  ends  of  tiie  torn  sheath  tlie  contents  swelling  out  press  upon  the 
latter,  that  portion  of  the  envelope  contracts  into  a  fine  narrow  ring  with  a 
f  dark  contour  (2  a^  3  «) ;  nior^  rarely,  in  consequenee  of 

a  spiral  rent,  it  shrinkB  into  a  filiform  structure  passing 
round  the  mass  with  a  spiral  course,  JJid  we  not  know 
tlieir  origin,  we  might  look  on  these  ilirunken  fragments 
of  the  envelop©  a^  fibres  of  a  eoatser  kind,  encircling 
either  as  rings  or  siiirala  the  bundle  of  connective- 
tissue.  It  ia  an  interesting  fact  tliat  Jibrea  of  cotton 
undergo  tho  sariio  changes,  under  the  action  of  am- 
monio-oxide  of  copper,  which  may  here  be  observed 
in  all  their  phases  with  the  most  perfect  ease, 

It  seema,  therefore,  beyond  doubt  that  elastic  mem- 
branes may  shrink  into  fi.lifomi  stnictures  in  conse- 
quence of  being  completely  rent. 

We  are  here  met  by  the  question,  whether  aomethimg 
siiuilar  to  thia,  which  we  have  found  aa  an  artificial 
production,  may  not  abo  occur  as  &  normal  process  in 
many  of  the  elastic  membranes  of  the  body,^ — ^whether, 
by  a  partial  re^bsorption  or  rending  of  its  substaneet 
a  membrajie  of  this  kind  may  not  be  converted  into  a 
network  of  elastic  bands  and  fibres,  at  the  same  time 
that  its  substance  so  fenestrated  diminishes  greatly  in 
extent  owing  to  elasticity. 

There  seems,  indeed,  to  be  no  doubt  that  networks 
of  elastic  fibres  or  fiat  bands,  as  we  meet  with  them  in 
the  middle  coat  of  the  greater  arteries  in  large  mammals  {üq.  206),  have 
fre<iuently  had  their  origin  in  the  manner  Just  described.  It  is  probable 
also  that,  by  the  thickening  of  elastic  membranes  at  particular  points  in 
folds  and  bands,  a  network  of  elastic  tissue  may  be  formed  (fig.  203}« 

We  turn  now  to  the  most  dilBcult  point  in  this  subject,  to  the  cdltdnr 
emttftituentSt  or,  as  they  were  formerly  called,  comiecHt^ettsiim  cürpuitdfui. 
In  them  w^e  have  the  most  important  physiological  elements  of  the  tiasuo 
under  consideration.  As  wo  have  already  reraarked,  these  cells  are  usually 
obscured  by  the  hbrilhe  around  them,  and  only  come  into  vif>w  aflf*r  the 
use  of  acetic  acid  and  other  strong,'  reagents,  amid  the  gelatinised  ground- 
substance.  But  where  it  is  possible  to  obtain  a  view  of  Üie  still  living 
and  unchanged  connective-tissue  corpuscle,  it  is  very  far  removed  in 
appeiirauce  from  those  which  have  been  acted  on  by  reagt^nts. 

Besides  the  true  connective^ tissue  cells,  all  the  structures  we  ane  en* 
gagod  in  considering  appear  to  contain  a  second  element^  the  h/mphiM 
edlf  which  has  migrate d  from  the  blood- vessek  The  cells*  of  eonncotive- 
tiasue  might,  therefore^  be  classed  with  propriety  into  fitted  and  math 
dariuff. 

Let  us  turn  now  to  the  living  tissue. 

An  excellent  spot  for  obtaining  Irving  connective- tissue  was  pointed 
out  not  long  ago  by  Kühne:  this  ia  in  those  thin  transparent  lamells 
which  occur  between  Uio  muscles  of  the  leg  of  the  frog. 

In  one  of  these  (!ig.  207),  we  may  tjee  in  tbo  extremely  soft  groiltld« 


Hff^  »ll^EI«tk  neu 
ti'oin  (he  antta^  1. 
A  n  r  I  MTtlc  f endir^ted 
iiiembrvie  from  111  a 
OÄl  1.  A  dlkttnci  net- 
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substance,  which  is  gelatinous  and  transparent,  first  of  all  the  fibrilhe  and 
fasciculi  of  the  connective-tissue  (J^  g\  as  well  as  a  network  of  extcemely 
delicate  elastic  fibres  (A).  Then  the  expected  cells  (a-e)  are  observed, 
though  not  so  close  together  as  in  our  plate,  but  at  rather  greater  inte]> 
vals.  All  of  them  are  naked,  and  appear  in  several  varieties.  The 
most  usual  form  in  which  they  are  met  with  is  that  of  a  delicate  proto- 
plasmic structure  in  which  no  nucleus  can  be  discerned,  but  in  its  place  a 
darker  spot  (a).  The  cells  in  question  send  off  several  processes  which  may 
attain  considerable  length,  and  come  into  contact  with  those  of  neigh- 
bouring cells  (6).  By  very  strong  magnifying  power  there  may  be  seen, 
beside  these  longer  processes,  a  large  number  of  shorter  and  paler  ones. 


Fig:  907« — A  portion  of  lirlng  conncrtive-tlssiie,  cut  out  ftpom 
between  the  muBclcs  of  tho  frog's  thigh  (strongly  magni- 
fled),  a«  a  palo  contracted  cell  « ith  a  dark  lump  in  the  in- 
terior; 6,  mniltled  corposdes;  c,  a  similar  ooxpoade  with 
TCflicular  nuclcoa;  d  and  «,  motionlem,  coarsely  granular 
cells;  /,  flbrilUe;  g^  bundles  of  cohnective-tissoe ;  A,  elastic 
fibrous  network. 


giving  to  the  contour  of  the  structure  a  regularly  jagged  appearance. 
Other  connective-tissue  corpuscles  preserve  generally  a  more  even  outline, 
and  contain  a  vesicular  nucleus  (ft  above,  c).  By  their  processes,  few  in 
number,  they  are  connected  with  one  another,  as  well  as  with  the  cells 
belonging  to  the  first  variety.  Finally,  there  appear  other  cells  of  a  third 
form,  remarkable  for  the  opacity  of  their  protoplasm.  They  are  usually 
fusiform  (rf,  c),  and  contain  a  vesicular  nucleus. 

With  the  exception  of  the  last  mentioned  and  more  coarsely  granular 
cells,  connective-tissue  corpuscles  are  endowed  with  the  power  of  very 
slow  but  unmistakable  vital  contractility,  their  form  changes,  processes 
commence  to  make  their  appearance,  elongate  and  unite  with  those  of 
neighbouring  cells,  and  become  again  disunited.  Nothing  can  be  seen  of 
pre-formed  paths  for  these  processes ;  the  almost  mucoid  consistence  of  the 
intercellular  substance  allows  of  free  play  to  their  motion,  in  all  directions. 

In  other  organs  also^  and  in  the  bodies  of  many  different  animals,  the 
same  contractile  corpuscles  of  connective-tissue  have  been  observed,  so 
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tbat  we  are  probably  dealing  with  «  peculiar  property  inheTBiit  uiaveiBally 
in  these  elementa* 

Let  us  BOW  return  for  a  rooment  to  the  connective-tisaue  corpusclea 
we  were  observing  in  the  frog.  It  is  only  noceseary  to  add  a  drop  of 
wttter  to  the  preparation  to  produce  a  great  change  in  the  nucleus«,  and 
greater  iti  the  protcrplaam,  which  contracts  aronnd  the  latter  to  a  kind 
of  iiue  network.  Acetic  acid  has  even  a  more  lasting  effeciL  It  causes 
the  nucleus  to  appear  darkly  and  clearly  in  the  shrunken  protoplasm, 
and  gives  ri^e  to  a  distinctly  marked  halo  around  the  cell.  Tliis  boundary 
line  encircliug  tite  corpuscle  formed  of  altered  in  terrae  dial«  substance 
may  si  mutate  a  membrane  upon  it, 

§  130. 

After  what  has  jnst  been  remarked»  it  will  be  seen  that  for  the  present 
we  muat  abandon  all  hope,  in  studying  human  connective  tissue,  of  meet^ 
ing  these  cells  in  an  UDchanged  condition.  When  most  fortunate,  we  can 
only  obtain  them  just  dead,  and  aa  yet  but  shghtly  altered.  Acetic  acid, 
which  was  formerly  much  used  in  studying  the  connectivetifisue  cella, 
exerciaes  a  strong  gelatinising  influence  upon  the  intermediate  substance. 
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Flf,  t«*.— Tau  tcndnn  nt  m  yooajj  rmbblL  A,  tht  Tt^rnl-n 
«PH*'^hiS't,  tii«|rnLnM  2<K*  iJniiW.  JB,  n  Ir«  Itnse  tendon  ^n- 
Iftrgsd  aWi  ülaiiirl«r»:  tr,  etlli  uf  th«  (cndon  Ailed  with  fftt 
ttt  b;  t.  ftni-  vUirtlc  fltjiEii, 

by  which  the  ecUuiar  L^lements  tvrö  distortLid  and  assutoe  the  mo»t  extra* 
ordinary  forms»  This  reagent  has  bean  the  cause  of  numerous  errors,  and 
has  regulated  for  many  years  our  views  in  regard  to  conn^tive-tissue. 
Now,  what  is  known  at  the  present  day  of  these  elemeotsl 
We  must  confuas  not  muclu  Something  w©  have,  however,  gained 
from  more  accurate  investigation.  The  connective- tissue  cells  of  the 
mature  ho<ly  are  fnmaently  (though  not  invariably)  flattened  stnicture-.^ 
nuckated  plates  displaying  still  some  protoplasm  in  the  neighbour^ 
hood  of  the  tiucleua  as  a  rule,  but  so  thin  at  their  borders  as  ta  require 
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the  cli>aest  scnitiiiy  in  order  to  make  out  tlieir  Loundarica  at  all.  The 
recügnitioQ  of  them  ia  reßdered,  moreover,  difficult  by  tli^^ii-  not  lying 
nil  ia  tke  same  plane  as  a  rule,  but  at  rery  variable  inkrrala^  and 
th^ir  Iteing  b^nt  and  aqueozed  ioto  the  greatest  Tariuty  of  «hapea  baaidea 
by  tbeir  position. 

Many  years  ago  Ilenie  had  remarked  pecaliar  Uattened  nucloatad 
Ci4h  (Uke  epithelial  elements)  lying  in  rows  between  the  bundles  of  which 
tendüiia  are  made  «p.  Rimvinr^  an  excellent  French  observer,  has  direet^id 
attention  to  the  same  in  the  t^td  tendons  of  the  roden ts,  falling  into  the 
error,  however,  of  taking  tbein  for  tubular  elementH  curlwd  on  them- 
aelvea. 

Fig.  20Ö  will  give  an  idea  of  the  nature  of  the  parts. 

But  bow  variable  is  this  system  of  bent  cells  investing  imperfectly 
the  surface  of  the  tendon  bundle  !  J m moderate  tension  converts  them 
into  extremely  delicate  long  nucleated  lx)dies  like  ilbTes,  while,  on  the 
purt  rü  J  axing,  the  flat  cells  may  curl  and  warp  anew* 

It  is  not  the  tendons  aione,  however,  which  display  these  flat  cella: 
their  presence  in  the  cornea  also 
was  maintained  by  an  e:c  eel  lent 
observe r^  Scitwcit^ger-Seidcff  whose 
early  death  is  to  be  lamented. 
They  have  been  accurately  described 
by  F lemming  as  occurring  in  soft 
formless  connective  tissue  in  their 
uäual  atmnge,  jaggr^d,  crumpled 
ahape.  His  drawings,  our  tig.  209, 
are  very  laithful. 

In  spite  of  every  eiforti  however, 
we  are  still  ai  regards  the  connective- 
tieaue  cell  but  very  imperfectly 
enlightened.  Let  us  not  forget  this 
fact,' 

In  order  to  convey  a  clear  idea 
of  what  we  have  just  atated^  wt» 
repeat  tig.  ^10  in  tlloatrstion  as 
we  close  the  section.  In  this  we 
have  connective- tissue  corpuscles  as 
they  are  seen  altered  by  the  ac^ 
tion  of  ac€tic  acitL  At  a,  b,  6, 
and  f,  d,  di  we  penieive  tolerably 
simple  cells  from  fcetal  conneetive- 
tiasuo ;  I'-tf,  on  the  other  hand, 
are  purely  artiücial  productions^  dis- 
tortions which  have  more  than 
once  played  a  pert  in  the  history 
of  bo  til  nurmal  and  pathological  histology, 

'I'hus  it  was  formerly  njainUiined  that  the  formation  of  elastic  fibres 
took  place  fn)m  tho&e  nam>w  elongated  structures,  connected  with  on« 
,  tnother  by  long  thin  pro<."esses.  Btit  although  the  appearance  of  the 
latter  under  the  micro8Cüi>e,  oii  well  fw  their  bearing  under  treatment 
with  strong  mineral  acids,  is  the  ?ame,  still  they  difttJi  from  elastic  librous 
networks  in  being  destrt'tyed  by  strong  alkaline  leys,  while  the  latter 
resist  the  action  of  the  same  {KmUtker). 
15 
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conn^tive-tigstie  it  ia  probable  tbai 
tho  pPoLoplasm  becomes  more 
and  niovQ  expenJnd  in  the 
production  of  the  ijiter- 
mediate  siibstunce,  nutil  the 
latter,  either  äbri  Hated  or 
streaky,  appear»  as  thotigli 
only  nuclui  alone  instead  of 
cells  were  left  in  existence. 

The  total  disappearance 
also  in  many  parta  of  the 
connective-tissTje  cells  pre- 
sent  in  the  embryo,  may  be 
bound  np  with  the  develop- 
ment there  of  numerous 
elastic  eltinienta.  This  ha« 
been  remarked  in  tlie  liga- 
menium  nuchae  of  nmmmak 
{Kf/eUilirr). 


¥lK*  iriO^—J>i (Terelit   fotrns  Jind  itiiie^  of  iSorrlopififnl  öl 
mcFit  wILti  HCctlc  Bcid. 


We  now  turn  to  the  mode 
of  occurrence  of  connective- 
tiesua 

The  numerous  portion»  of 
our  body  consisting  of  this 
tissue  oflVr  fur  our  considera- 
tion tibrous  and  i^euemliy 
H  brill ated  intermediate  suV 
stance,  cellular  elements^  the 
eonnective-tiÄSue  corpuscle«, 
and  wandering  lymphoid 
eells^  and  also  the  various 
spet!iL*3  of  elastic  fibrils  and  networks.  In  some  structures  a  few  only  of  the 
latter  eonstitucnts  occur  amitl  a  large  qtiantity  of  tibri Hated  intermediate 
substance ;  but  they  «re  met  with  more  abundantly  in  other  fiarU,  and 
may  cventiuilly  appear  hero  and  there  in  such  excess  that  the  gl u tin* 
yielding  libres  add  cells  begin  to  be  obacurwl  <>r  actually  cease  to  be 
present  I'hus,  in  »ome  coses,  we  Und  elastic  membrancjä  and  fibrous 
networks  alone,  the  latter  being  held  together  by  a  membranous  inter- 
stitial matter  neither  fibrous  nor  glutinous.  They  may  also  mako  their 
appearance  naked  and  without  such  a  cementing  medium.  Jn  that 
numerous  intermediate  forms  exist»  however,  between  them,  the  latter 
cannot  be  classed  as  a  tissue  distinct  from  the  true  connective-ti^suo» 

Associated  with  these  essential  form-element^  of  connective-tiaftue  we 
sometimes  hud  other  incidental  constttuonts,  such  as  cart  ilage- eel b 
^5  100),  fatrcells  (J  122),  smooth  muscle  iibres  (in  i^hicb  the  Tunica 
darkh^  of  the  scrotum  is  very  rich),  blood  and  lymph  vesselSp  nerve 
fibres,  Ä:e.  Here,  then,  we  have,  in  eonse^^uonce  of  these  additions  which 
differ  excetnlin^'ly  fron»  one  another,  a  new  ground  for  variableaesa  in  parts 
formetl  of  connective- tissue* 

Thes«  latter  appear  either  as  yielding  substances,  filling  out  the 
spiices  between  organs  or  portioiiFi  of  oi^nS;  ae  loose  enveloping  masse«! 
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and  paths  for  vesapls  and  nerves,  or  they  nmj  constitute  (omied  struc- 
trorei,  membruncj^  oorda,  or  act  lid  envelo|i4^  Aeconlingly,  we  (.liatinguiah 
two  kinds  of  this  tiBeue,  the  fonmid  and  the  /umiktfs^ — a  divüion  which 
in,  generally  S[making,  well  Loscc],  although  it  must  not  he  forgotten 
that  there  are  in  many  places  transit  ions  from  the  ftjrme<i  to  the  form- 
leSÄ,  and  ^nro  mruK^  and  that,  therefore*,  nature  baa  Oravvn  no  aharp 
bounding  line  hetween  the  two  species.  As  a  rule  (which  ia  not  with- 
out exceptiona,  however),  the  first  of  these  is  a  poft  slimy  matterj  the 
latter  a  more  »olid  suhstÄnce, 

Foimlesa  coiinective-tis&ue,  or,  as  it  has  been  named  when  occurriiig 
in  large  qnaa titles,  Irxt^e  or  ar&^iar  tissttef  posseaset  besides  a  homo> 
Ifpneona,  gelatinous,  and    almost  mucoid   ground-euhetnnee*  connective- 


.{^^''7% 


/ 


F]j|,  tll^—FainnlMi  tir  iredar  conneälT«-ti*n]6  from  th«  turg«  omentum  of  mntt- 

Use  in*  fasciculi^  elastic  tihres  and  eel  I  a,  but  in  very  varying  pi*opor* 
tions,  Tho  interlacing  of  these  fiisricnli  (in  general  rather  loo&e^  &o 
that  the  whole  remains  on  that  account  yielding  and  extcnsiblo)  la 
eitlier  retiform^  or  several  of  the  bundles  lie  longitudinally  togetberi 
embt*dded  in  and  held  together  hy  the  soft  formless  enb&tance.  By 
the  heaping  up  of  fat-cells  wnthiti  this  loose  tissue  it  is  opened  «p^ 
and  a  number  of  communicating  spaces  are  produced  with  septa  between 
them.  These  are  the  cells  of  older  ttnatomists^  which  lu-ocured  for 
the  tissue  the  designation  cellular,  a  name  which  h*is  given  way  to  the 
histological  nomenclature  of  the  pi-cscnt  day,  Wo  may  ais^o  succeed 
mechanicallyt  aa  for  instance  by  inflation  witli  air»  in  producing  a 
mope  or  less  artificial  separation  of  this  sulistanco»  which  is  satumted 
during  life  with  small  quantities  of  a  watery  transudation  similar  to 
itynovia,  |  90i  These  ** cells"  or  loculi  appear  also  pathologically  on 
th&  accumulation   of  large  quantities  of  fluid  or  the  entrance  of  air. 


218 


MANUAL  OF  HISTOLOGY. 


la  all  i\m  we  see  a  rt'sömljlance  between  the  stractare  in  question 
and  gelatinous  tksue,  And^  ii^ed,  the  greater  part  of  thiä  areolar  tisaue 
tsxisttjii  at  an  earlier  embiyoniu  period  in  the  form  of  a  reticular  mucoid 
aubstance.  Tbo  oJaatic  fibres  also  are  no  less  subject  to  variation,  for  we 
meet  both  wiLh  fine  and  medium-sized  specimens;  their  amount,  bow- 
ever,  is  hut  TO  ode  rate.  The  connective- tissue  cells  proper  are  situated 
either  between  the  fascicuh  in  the  form  of  fusiform  or  stellate  elements» 
or  in  the  softer  interstitial  mass.  Here  also  we  encounter  lymphoid 
corpuscles,  which  may  wander  through  the  mucoid  sul»stance  by  virtue 
of  their  vital  contractility ;  and  yet  we  are  unable  to  recognise  any  p re- 
form ctl  paths  for  thertu 

According  to  its  occurrence  in  more  considerable  amount  in  sevoml 
localities,  this  tii?3ue  has  received  corresponding  names,  such  as  sub- 
cutaneous, submucous,  and  suhaerous  areolar  tissue. 

This?,  and  indeed  formless  connective- tissue  generally,  is  continuous  at 
its  bound mg  portions  through  one  of  its  bundles  of  fibres  with  some 
structures  made  up  of  formed  connective-tissue,  e.g.f  the  sheaths  of  nerves, 
the  fibres  of  fascim,  the  eubcutaufioufi  and  dense  tissue  of  tho  cutis,  &c. 

But  this  formleas  connective- tissue  presents  itself  undisr  other  condi' 
tions,  namely,  m  the  supporting  or  austentacular  substance  of  many  organ» 
(Siühmasse),  Thus  we  meet  with  it  in  the  larger  glands.  Ui*ro  we 
encounter  either  a  fibril latod  maös  with  fusiform  or  mmifjing  connective- 
tissue  cells,  or  the  intercellular  substance  only  appears  streaky,  while 
the  cellular  elements  may  merely  he  evident  as  very  much  stunted 
nuclear  fonnations.  FibrLllated  tissue  is  to  he  found,  for  instance,  in 
the  testicle  and  thyroid  gland  ;  streaky  sustentacular  substunce  in  the 
kidney  (where  we  may  isolate  stellate  cells  from  the  medullary  por* 
tion  in  the  young  subject).  The  supporting  tissue  in  the  interior  of 
muscles  and  nerves  frequently  appeara  striped  or  streaky,  but  is  at  times 
fibril  late  d. 

But  the  diversity  of  tlie  a^j-called  ffrrnwl  connective' tisane  ia  far  more 
considerable,  not  only  in  reapeet  to  the  manner  in  which  its  fasciculi  and 
elastic  constituents  are  interlaced  and  interwoven,  but  also  in  regard  to 
its  texture.  And  though,  as  a  rule,  we  have  to  do  with  a  well-marke*! 
typically  developed  connective-tissue,  yet  there  occur  not  unfrequently 
very  peculiar  varieties.     A  few  of  these  may  here  Ihj  mtuitioncib 

We  have,  fir^t  of  all,  certain  connective* tissue  structures,  in  wbich  tho 
cells  are  exceedingly  mtunted,  atid  seen  as  though  only  the  nucleus  bad 
been  left  over,  and  in  which  the  intermcdiat-e  substance  is  either  homoge- 
neous or  streaky,  but  not  librillated.  Jtadiated  corpuscles  and  otaetic 
tibres  are  absent,  either  totally,  or  only  give  very  slight  indications  of  their 
presence. 

Tlie  tissue  of  the  dental  pulp  apparently  belongs  to  this  class.  And 
yot  we  may  have  to  do  with  a  species  of  gelatinous  or  mucoid  tissue  here, 
in  that  tho  interstitial  matter  does  not  become  clear  on  the  addition  of 
acetic  acid* 

Again,  the  sheath  or  jmrinmrmm  of  the  smaller  nerves  consists  of  a  tmn*- 
parent  suUtanco,  through  which  arc  scattered  long  oval  and  apparently  naJsed 
nuclei,  measuring  about  O^OOTS-O'Oll't  mm.  If  we  pass  on  from  these 
to  somewhat  more  considerable  branches,  we  fiml  the  ground-suhstance  of 
the  onvtdopo  becoming  stringy  and  fibrillated,  whüe,  instead  of  nuclei,  wo 
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Flit  til.— A  pnrE^on  of  ■  hi,iin«d  «jrmpithetli! 

by  tiotDDgeneouji  nucWateU  CtiDnectlve-cii- 

I  Wit  of  the  kttvr.  Thii  fL^ice,  ftfe,  pn.^««!  off 
Inti»  iiio  ßbntn  c/  f/.    /f,  A  ^W  without  «n 


find  connective-tiasue  corpuscles,  untiJ,  finally,  in  Ihe  larger  nervous  trunkfl^ 
the  perineurium  aÄsumes  an  exfitiisitely  tibrUiated  churacter,  and  dbelrkses 
a  rich  neiwork  of  elastic  libre«. 

Further,  a  fiiiuilar  homogeneous  niiclmk^d  ti&sue  encloses,  as  an  external 
capsule,  tlie  nen^e^ella  in  tire  ganglia  {tig.  212,  A).  N(»t  unfret|uently  we 
have  opportunity  of  remarking  how»  i'rom 
this  connective-tissue  aclin|(  thus  as  an 
envelope  t*>  the  celb,  flat  bands  pass, off 
{fi  d).  There  is  a  pressing  necessity  here, 
however,  für  doser  investi^tion. 

Later  on  we  shall  liavfi  to  inrjuire  into 
the  natur«  of  the  so  called  fibres  of 
Ii*'mak\  in  uonsideriJi^^  the  nervoua 
system,  pwle  nuck*ated  threa-ds  of  mixed 
nature.  Borne  structures  df*scribed  as 
euch  appear  to  Iwlong  to  the  conneetive- 
iissues,  and  to  lie  a  spe^^ies  of  tiie  latter 
aimilar  to  that  of  the  envelopes  of  the* 
ganjrliOD  cells  just  mentioned. 

We  meet  witli  very  peculiar  masses  of 
cotuiectiv^e-subsliiiice  in  certain  tissues  of 
thehody  of  vertebrate  animnls,  in  which 
(like  many  of  the  (kt  epithi^ha,  ^^  89 ) 
the  r^ell«  are  li lied  with  granules  of  black 
or  the  nearly  allied  brown  pi'fimsnt, 
I'he  particles  of  this  ineianin,  however,  are  smaller  than  those  in  the  epithe- 
ltat colls. 

Connective-tissue  corpuscles  of  this  kind,  the  stellate  pigment  cells  of 
,an  earlier  epoch  ffig.  213),  are  foumi  in  the  human  biHly  almost  ex- 
clusively couHned  to  the  eye.  Among  the 
lower  vtirtebrates,  howev*^r,  they  may  attain 
an  uTiiirmoiisly  wide  distribution  through- 
out the  body,  so  that  we  encounter  them  in 
dl  parts  formed  of  connective' tissue,  fbr 
üetänce,  in  the  frog* 

III  the^«^  vital  contractility  bus  been 
observed,  and  tlie  power  of  wandering  from 
one  situation  to  another.  Thus  they  may 
pnelratt^  from  the  connective-tissue  he- 
t  vtfuen  the  cells  of  the  epidermis,  by  virtue  j^^^.  m^f^w^^ut^r^  eonn^i^^tim«t 

of  ihl^  1i(>W6r.  eorptiflclr-i-  {KWNÜeii   iitt.'U»tB  plgiQ^iit 

t* -ill  J  A      al        1.  J»  J*  «llftji*  from    thu  tamtma  fm^a  of  the 

>i^%  JiA  repre^nts  the  changes  of  form      ti»mni«j  f y«. 
in  one  of  these  migrating  cells. 

In  tlie  human  eye,  the  number  of  melanin  cells  of  this  kind  is  either 
very  considerable»  while  the  projwrtion  of  intermediate  matter  is  mode- 
late  (the  hitter  being  at  the  same  time  homogeneous  more  or  lees),  or  the 
c^lls  oC4.uir  more  isolated  amid  hbrou»  typical  connective-tissue, 

A  ciise  of  the  first  kind  is  to  be  found  in  the  choroid.  In  it  we  eneounte? 
a  dtnse  network  of  these  cells»  of  stellate  or  fusiform  figure,  with  oval 
nuclei,  and  a  varying  number  of  proceuses^  which  elongate  themselves 
fre^^uently  into  extremely  thin  filamentSi  appearing  at  timej  tangled ; 
through  the^se  the  celU  are  connected  with  one  another*  The  size  nf  thi* 
latter  is  about  0  0220-0*0452  mm.     Altogether  this  reminds  us  of  the 
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cellukr  Eetworka  of  ma^y  of  the  colourless  connective-tisauq  corpuscles, 

with  which  indeed  it  most  coin- 
pletely  corresponds  in  the  body 
of  the  infant»  where  the  body  of 
the  cells  have  not  yet  bceotne 
lilled  with  gronuks  of  nitdanifi. 

This  uncolonred  sUte  of  th© 
choroid  cells  only  persbta  iu  cer- 
tain exceptionftl  cases ,  until  late 
in  ILfe,  through  absence  of  pig- 
ment. Thus  among  idbinos,  olf 
which  we  have  always  a  good 
example  in  white  rahbiti.  As  ti 
rule,  it  will  he  tbund  that,  soon 
after  birth,  the  deposit  of  granules 
takes  place  in  thoee  cells,  especially  in  their  boily  and  thick tT  part  of 
the  processes.  This  pigmentation  spreads  likewise  from  the  ch^rmdna  to 
the  cells  of  the  lamina  fintca,  which  is  situated  between  the  latter  and 
the  sclerotic. 

A  part  also  of  the  connective-tissue  cells  of  the  iris,  of  dark  but  not 
blu&eyed  mdiiriduals,  is  likewise  cll'ected  by  it.  But  the  colouring  matter 
appears  here  to  be,  as  a  rule,  li;^diter,  and  of  a  clearer  brown. 

If  we  exnmine  the  pigmentary  connectivB-tissue  cells  of  adult  animals 
or  human  beings  (Hg.  213),  wc  are  struck  by  their  irregularity  of  fonn, 
which  may  l>e  explained  by  the  hindrance  to  their  further  developmoiit 
thiough  the  deposit  of  melanin.  For  the  same  reason,  the  nucleus  remains 
here  broad  and  oval^  wherciis  in  better- developed  cells  it  usually  becomes 
long  and  narrow, 

It  is  a  point  of  especial  interest  iu  viewing  Ihe  stellate  pigmentary  cells , 
as  modified  connective-tissue  corpiiscles,  that  there  exist  grtwi alio ns  between 
parts  formed  of  them  and  purely  fibrous  structures,  This  is  the  case  in 
the  lamh^afiiifcat  whose  pigmentary  cells  are  continuous  tcjwaitls  the  sclem 
with  oniinary  colourless  connective* tissue  corpuscles.  Pigmeotary  con- 
nective^tissue  celts  are  usually  found  also  in  the  pm  mater  of  the  mednlta 
oblongata,  and  the  adjacent  portions  of  the  cord|  in  adults.  Their  colour 
is  brown  or  blackish,  and  their  quantity  and  distribution,  moreover^  liable 
to  variation. 

In  diseased  states  of  the  tissuea  we  may  likewise  find  transitions  of  this 
kind,  and  an  abundant  development  of  pigmentary  cells, 

§133. 

Many  widely  d liferent  parts  are  reckoned  among  thB formed  connective- 
tissues.  1.  We  commence  M'ith  the  Cf/tttea.  No  conoective-tiasue  structure 
hm  so  freciuently  been  the  suhjoct  of  research  as  it. 

The  cornea  (fig.  215>  presents  for  our  constideration  on  its  anterior 
afipect^  the  laminated  epilbeiium  of  the  conjunctiva  (J),  while  the  posterior 
surface  is  elothetl  with  a  layer  of  simple  pavement  cölls  (c),  a  so-called 
endothelium.  Under  each  of  these  layers  we  come  next  upon  a  tmna- 
parent  structureless  membrane  or  lamella,  of  which  that  on  the  anterior 
snrfaße  is  not  eaay  of  isolation,  whilst  that  on  the  posterior  aspeist  appears 
stronger  and  easier  to  separate,  m  has  long  been  known. 

The  first  of  these,  the  lumina  eloMtca  anterior  of  BtJ^mian  (which  is, 
however,  said  to  have  an  extremely  dense  Übrülated  teat  tu  re,  by  IlMftti 
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aad  Enijdmmm)  {h)^  boi  a  tbickuesa  of  from  0*00C8-O"O09O  mm.  in  man. 
It  J3  euliililo  m  boiling  wak^r,  H  is,  however,  %  no  mentis  eharply  ci«^ 
fined  again &t  the  tissue  of  ihn 

|0omea  lying  un(i<?rneQtii»    The 

"•econd  kyer  (f),  Avhirb  hoars 
the  nunie  of  /An  memhnme  ttf 
Drmvurä  and  Descemet^  and  IJ* 
O'OOG^O'OOS  mm.  in  the  ctm- 
fcml   portions,  and  (.VOl-0  012 

fttt  the  bordtr  {/f.  Mülhr),  i^ 
Bef^iimble  in  vurious  ways  f ram 
the  eorneiL  It  has  a  consi<Iei- 
able  amount  of  elastißi  ty,  »o  that 
it  rriiJs  up  npon  iUelf  on  Icösen- 
ing.  At  ita  cirenmference  it  i& 
lost  on  the  anterioraspectüf  Lla^ 
iris,  ffcs  the  Ugameatam  jii^rAm- 
uiuvi  iridis.  Now,  bt^tween 
tliesö    two    transparent  mem- 

;  branes  ib  found  the  true  tissue 
the  cornea  («},  wliieb  has 

'  been  the  subject  uf  euch  ex- 
tended   mäeaR'h»    tind    whoae 

i»tructure  ig  Kttlltur  fitjm  being 
dtisfiietorily  elucidated.  It 
is  formed  of  intercellnlar  mat- 
ter and  a  system  of  canals  con- 
taining eelb.  The  Jitut  is  con- 
tin  u  on  a  periphendly  with  the 
fibri  Hated  connective- tissue  of 
the  conjunctiTiH  but  als^j^  and  to 
greater  extent,  with  that  of 
be  Bül  erotic. 
This  ground  mas.^  ot  tht  eor- 
eA  presonlfi  trans [laront,  flat 
amis   of  Oa282-0-0090    in 

JlreaJth,    and   0  0045-0*0090 
am.  in  thickness»  which  are, 

"for  the  most  part,  eo  arranged 

in  respect  to  tho  surface,  that  a  regularly  laminated  structure  is  the  result, 
though,  at  the  same  time,  a  crossing  of  the  bands  may  be  remarked 
fni-qnently  enougli,  e^f^eeially  on  the  anterior  surface  and  periphery  of  the 
cornea,.  Owing  to  the  fact  that  these  can  be  demonstrated  either  a» 
han^ring  together  in  lamellae  or  separable  one  from  the  other,  the  eomeri 

khas  been  declared  at  one  time  to  be  laminated,  at  another  to  be  iihroua, 

f€vr  both  at  once,  as  a  combination  of  both  %news.     As  far  ns  we  know  at 

iprosent,  the  cornea  may  be  likened  to  a  compressed  network  of  Hat  band«, 

Imatted  in  layers,  a  view  which  is  further  borne  out  by  its  double  i^fraelin^ 

Jpro|>erties  with  polarised  light  {Hü).  Keagerit^  as,  for  iust^inf^e,  j>ernjan- 
ganate  of  potash,  employed  by  Hulhtt^  or  a  10  per  cent,  solulton  of  com- 
mon fralt,  by  ßchtceigger  Sekid^  show  it  to  be  made  up  of  tlte  finest  fibrilUtt 
however,  held  together  by  a  homogeneous  intermetliato  substance,  which 
mav  aUo  bo  recognised  an  fi^sh  corneal  tiijsue,  anJ,  belter  stdi,  in  that 


lam ;  t  single  Inyor  ai  oi^JihuUMl  ccslU. 
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which  tA  &\mv€^hä,  Bwelling  up  of  the  tissue,  on  the  other  hand,  rendcra 
tbesa  delicate  fibres  inTisiblo  in  a  moment  The  sjstem  of  canals  {^. 
216,  a)  haa  been  erroneously  taken  by  many  to  be  a  system  of  retifonn 
cells,  the  Ciirneal  corpuscleSf  and  indeed  it  is  deceptively  hke  something 
of  the  kind  when  treated  with  dilute  acids.  It  aiways  occupies  with  its 
accessaries  the  spaces  between  the  bands  of  the  ground^substance,  and 
appesPä  as  a  ramifying  system  of  lubes,  capable  of  isolation  by  means  ^*f 


-O. 


//^ 


Ftfüi.— Cnruf'Hl  c«ir(iti«ci1f<i.  a.  trvm  the  <iK,  «i  i««n  trtmt  the  lai-fftfe;  b,  rrnm 
«n  InfwiK  tpflrfntrr)  %  r,  «lite  virw  oC  th«  *tme  from  mehttd  fuUr  ntnnrht  oU  i  d,  n om 
maaiS  embrjFoi  uf  Urn  Jiuruiii  being  «q4  ox. 

boiling  and  macemtum  in  strong  minoml  adds.  That  it  ia  in  reality 
hollow  la  indiL'üted  by  tbü  fact  that  morbid  growth  and  deposits  of  fat  and 
pigment  take  pkce  in  it.     Artificial  injection  of  the  cornea  by  putietuw 

((enemlly  gives  riao  to  a  rupture  of  the  tissue  {Rolliftt),  and  product» 
various  appearances  in  it.  The  canal-work  of  the  so-called  eoinetd 
corpuscles  appears  also  la  l>e  capable  of  bein^  hiled  however  {Bi>ddaeH)* 
This  system  of  canals»  which  possesses  probably  a  modified  paiietal  layor 
(extremely  extensible»  and  certainly  not  everywhere  continuous),  has  f&? 
wider  meshes  in  the  adult  than  in  the  infant  or  ffctus* 

Seen  Iroiu  the  surface,  its  characters  are  those  of  a  network  possessing 
widened  radiating  nodal  points  of  considerable  magnitude  (fig*  iil6},  while, 
in  pTotilo,  it  presents  longitudinal  and  usually  fusiform  enlargemenls» 
running  parallel  with  the  bounding  lines  of  the  cornea*  llio  former 
stand  in  communication  with  one  another  by  means  of  fine  p^ssages^  and 
at  Limes  also  with  lliose  of  the  deeper  or  more  superficial  series,  tbrougli 
ascending  or  descending  lines.  ThciWi  stellate  enlargements  are,  tUeruforef 
flattened  in  a  direction  perpendicular  to  the  surface  of  the  cornea. 

As  to  the  size  of  these  pointö  or  of  the  ccmftd  earjmjtelfä^  their 
length  is  stated  at  0-01 35-0  01 80  mm.,  and  breadth  at  0-0 1 02^0 -01 24 
mm.      llieir  prt»cesse«  have  a  diameter  of  about  0  0023-0  "0007   mm. 
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The  averag©  dishance  of  the  corneal  corpuecki  from  ono  another  10 
iH3226~0^0452  mm. 

After  the  euatomuij  treatment  of  the  cornea  with  dilute  acetic  acid, 
wo  may  recognise  in  these  nodal  points  nnclei  of  00090-00113  mm. 
in  siJEe  (tig*  216,  c).  And  in  that,  ns  a  rule,  the  snbstance  of  the  body 
of  the  cell  reaches  as  far  as  the  limiting  lines  of  the  epace,  we  have 
the  appearance  of  a  stellate  cell  clothed  with  a  111  em  bran  c»  The  use 
also  of  a  dilate  solution  of  nitrate  of  silver  fi>r  obUiiiing  the  like  views 
has  been  recommended  {Hecklimfhaftsen), 

But  we  are  obliged  to  turn  t*:»  the  cornf>a  in  a  condititm  as  far  as 
posaibl©  unchanged  J  in  order  to  gain  a  correct  view  of  the  state  of 
thiügft.  Her©  we  see  the  tissue  studded  with  membranelesi  stellate 
cells  extending  their  proceasea  in  ail  dircctionij  and  frequently  forming 
a  cellular  network  through  union  of  the  latter.  Thb  network,  in  our 
opinion,  lies  wifhin  the  system  of  canals  alrejidy  mentioned.  Very 
elegant  object«  illustrating  the  nature  of  thia  cellular  network  may  be 
prepared  with  chloride  of  gold. 

The  contractile  lymphoid  wandering  cells  of  connectivo-tiasüe  parts 
(already  mentioned,  p*  77),  were  discovered  several  years  ago  by 
Eceklmghauien  in  the  cornea  of  frogs  and  mammalia  also,  travelling, 
as  he  supposed,  through  the  passages  of  tins  structure.  Thia  disco  very  > 
confirmed  on  all  sides,  has  led  to  a  multituile  of  other  observations 
and  experiments,  which  have  unveiled  moat  interesting  features  in  cell- 
lifo  of  the  widest  eigiiificance.  If  we  place  the  excised  cornea  of  one 
frog  in  the  lymph-sac  of  another,  wo  may  demonstrate  this  immigration 
of  lymph  corpuscles  into  the  corneal  tisseue  (Recklinghmtsen),  We  hiive 
already  consitlered  the  power  these  cells  possess  of  t^dcing  up  molecutca 
of  colouring  matter  into  their  protoplasm.  This  may  ci^ily  be  brought 
about  by  ijijticting  granules  of  pigmentary  substances  eithor  into  Ibü 
cirmdation  or  into  a  lymph-sac  in  a  frog  The  satne  injection  produces 
similar  occurrences  among  mammals.  Fed  in  this  way,  the  lyniph  cor- 
puscles leaving  the  blood  pass  into  the  cornea!  tiasuep  in  small  nuniljcrä 
indeed,  iiito  thut  which  is  healthy,  hut  in  great  quantities,  on  the  other 
hauf],  in  a  cornea  which  has  been  inflamed  through  an  irritant  {Cohn- 
heim).  But  all  of  these  cells,  which  now  go  by  the  name  of  pus  cor- 
puscles, have  not  the  same  source,  i.e.,  from  the  circulation.  There 
mast  he  a  new  formation  in  the  interior  of  the  corneal  tissue  itself 
{Hoffmarm  and  RecMtnghaumn^  Nurris  and  Stncker)^  about  which,  how- 
ever, we  have  but  insuflicicnt  information  at  present. 

We  will  add  but  one  word  more  on  the  structure  of  the  cornea  at  an 
early  period  of  life. 

In  the  embryo  (fig,  21^,  d"),  the  so-called  corneal  corpuscles  show  but 
few  processes^  and  the  nuclei  enclosed  in  them  appear  vesicular  Divi- 
sion may  aliso  be  observed  among  them«  The  network  formed  of  these 
is  extremely  dense  as  it  is  iirst  seen  (6),  and  the  intermediate  sub^tance^ 
originally  very  scimty^  increases  in  proportion  later  on,  It  is  still  com- 
plelely  homogeneous  and  without  any  cleavage.  Double  refnictioii  is 
alao  absent.  The  formation  of  the  two  transparent  limiting  membranes 
oko  takes  place  very  early, 

Remabk».— The  hteraturc  to  which  investigiitions  of  tlio  i^orneB  liftve  giv(»a  riBC 
IN  very  exteiisiirc,  fliid  frequently  wry  conttml  10 tory  in  its  stattmt'tits,  Amoti|^  tho 
nt"W»-r  work»  wi*  niuy  ttientioii,  bi*«itlc!  %ha&e  of  the  Gennans,  Toifnbce^  PhihaGphi^^l 
Trunmctions /Qr  ihf  ymr  IÖJ1,  I'art  2,  p.  I7\i;  IF,  Bowman^  Ltdurm  ©m  the  I\irU 
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e&n^ermd  in^  ths  Opemiwn  an  the  Ejß  and  o%  th6  Birw^W4  ^thi  M«Hna  ^md  FÜrwom 
littntmr,  Ldiid.  1810. 

§134. 
Tbe  following  parfe  are  farther  reckoned  unioog  ihe  farmed  cannective- 

2*  Tba  if^nävTis.     Tliej  consUt  (with  a  sp-  gr.  of  11  IT,  Krause  and 

Fischer)  of  a  solid  and  but 
sligiitly  elastic  tisstic  formod 
of     longitudinally    arranged 
cylindrical    coiinectivo-tissue 
bundles  of  a  distinctly  fibrous 
nature«     Thea«  are  combined 
to  form   fiironger  cord%  and 
are  sejmrated    fiom    eimilar 
bimdles  by»  kyera   of   loose 
conneuUve-lissuCj     in  which 
Uie  few  hlood^Tesseb  of  the 
structure  art)  Bitaaied.      The 
tvndon^    contain  ol^o  longi- 
tudind   FOW3   of  connective- 
tissue     eel  la.       Portions     of 
thera    nuiy    possess     cartila- 
ginous  deposits.      They  are 
connected  with  the  neighbouring  structures  by  means  of  onlinary  form- 
less   connect! VC- tissue,    or     the    latter 
may  bo  condensüd    around  them  into 
a   kind   of  vaginal   envdlopi^,   the   sy- 
novial   sheath    of    the    tendon.      Wo 
liavc   already  considered    the    mucoid 
fluid    wliich     collects    in     tbo    Utter 
when  ipuaking  of  synovia  (p,  155). 

The  more  mmute  gtrueture  of  these 
parts  IB  by  no  means  easy  to  make 
out,  and  has  given  nsu  to  much  con- 
troversy. 

If  we  exumine  a  transverse  section 
of  an  infantas  tendon  which  has  hcmn 
previously  dried  and  subsequently 
softened,  we  remark  a  number  of  an- 
gular and  jagged  ßgures  connected 
with  one  another  by  means  of  from 
two  to  four  pn>G6S8es,  presenting  thus 
the  appearance  of  a  cellalor  network 
(fig.  217). 

Side-views  of  the  t«?ndons  display  umler  proper  trejitment  longitudinal 
rows  of  Hmh^M  or  Rurwit/«  flat  c*;l]s  (lig.  2 OH).  Tfiese  are  not,  how- 
ever, rolled  lip  into  tubes,  as  tbe  Freneb  investigator  erroneously  tup* 
po«odj  but  only  lightly  t^urved,  enclosinj^  tbo  connective- tissue  buudlce 
innompletely. 

Turning  ag^ua  to  the  transversa  scctiuns,  we  may  discern  in  each  of 
tho  apparently  cellular  interspaces  (Ht*nie)  these  transversely  dividiid 
collular  elements»  at  least  faintly*  They  tm»,  moreover,  frequenUj 
carved  and  crumpled, 


fljr*  flTv— TffcniferM  »«Him  ©f  thu  iendoti  or  the  t»M  of 


A 


'ilW 


FhlK.  SIR— Fmm  lEu'  tc-tikv  A-  Tiim»  of  a  feet«! 
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II  we  turn  to  a  still  ettrlier  nr  embrjoDie  period  (fig.  SIS),  wo  Eml 
in  side  views  (A)  narrow,  fuaifbrni,  eorxueetive-tiesue  cürimsck^»  without 
membranes,  aiid  with  ehmigated  nuclei  0  0 188-0*0023  mm.  iii  length, 
und  0-0038  mm.  in  hreadth.  These  are  arranged  in  loiigitudinal  rows» 
and  are  divided  from  those  l>eäide  them  by  nurrow  deposit©  of  öhrillftted 
interceUular  substance  measuring  about  0*00()8"0*0045  lam.  Transverse 
iectiona  {B}  ^liow,  on  the  other  hand,  the  outlines  of  tlia  cdb  eontained 
in  irregular  ronndish  or  jagged  intei^ticea.     llius  botli  views  correspvond. 

In  the  adult  we  11  nd  a  strongly  marked  increase  in  the  conneetive- 
tissue  fibrous  matter.  The  jugged  lutersticea  in  transverse  sections  are 
separated  from  one  another  by  intervals  of  0  0668-0*0890  mm,  (2).  In 
longitudinal  view  of  the  stretched  tendon  the  rows  of  cells  are  seen 
HA  ejttremely  thin  roddike  structures,  dij^playing  the  greatest  dilTerenees 
ÄOCordiJig  to  the  tensity  of  the  tendon  (Banvier).  If  we  examine,  on 
the  other  hand,  a  tendon  in  vertical  section,  no  longer  on  tha  stretch, 
but  gelatinised  and  constricted  at  points  by  the  action  of  acetic  acid 
(as  was  formerly  done  as  a  rule),  we  then  see  narrow  twisted  structures 
measuring  0  0451  mm,,  and  reminding  us  at  the  ürst  glance  of  nucleL 
Thefe  appear  to  extend  themselves  into  long  thin  elastic  fibres. 

These  deceptive  appearances  were  formerly  often  seen  and  described. 

But  that  all  tendons  contain  those  tiatteued  eellular  elements  I  doubt 
very  mneh  from  recent  investigations. 

KEBuaE»^ — 1*  Tbeso-ralled  seaamoitl  cartilug^  Jiu bedded  iu  certain  tenduni  belong 
lo  iLew.  Here  w«  inert  with  aggregatioii?*  of  cai'tilfLg«  ceil«  gtjnemny  sjinplc,  lying 
in  II  gTouad  snbsUace  of  connectiv'e'tiösne,  2.  If  we  destroy  thtt  iuttrstitiul  miitt«if 
formed  of  coaaectivc'tissuc  by  mt^an  of  conc^-winited  ndneml  »eida,  we  Imve 
remaiidng  tL  figure  corresponding  to  the  (cellular  network  m  question.  Tlii»  ap]iefiF» 
to  Im  thv  content«  of  tbe  system  of  interspaces  enclosed  ta  such  a  mudifii^  boiuiding 
Uminiv.  Far  further  jmrtieulan  on  this  ]Kiint  we  niQut  refer  to  the  JieadiagB  eome», 
bone,  und  dentine.  Trans verM  sectioun  of  dried  tendons  preitent  n  very  pei'ullar 
apiwiinintx«  during  tbi  action  of  acetic  acid  on  tbcm.  A  numtH»r  of  sinuoas  band-like 
Hgtiri^»  niinit.ly,  appear  with  fuAlfürmconnective-tisjtueecrpu^cleftatid  fnigtiieaU  üf  tb<; 
mofit  delicate  cUalir?  fibrüS.  These  art  the  edgea  which  have  turned  over  on  acoouut 
of  the  ftwflling  Up  of  the  nio^,  thereforf^  thti  side  view  of  the  Keütioiia  of  the  bundleii. 

§  135. 

X  llie  lifjarnents  have  a  simiUr  structure  to  that  of  tendons,  with  the 
exceptiüu  of  lb  ose  which  are  tdastic 

4»  FibtO'  or  conneclive-titt^te  carUlo^e^  which  might  be  treated  of  hero 
with  an  equd  nght  as  when  coudidering  cartUnge,  owing  to  the  nature  of 
its  inlerroediato  subetanoe,  has  beon  de»eribed  already  with  the  t alter 
imm  (§  lOO.) 

5*  The  large  group  of  ßbrom  mentbrafftis.  lliese  are  remarkable  for 
the  close  interweaving  of  their  frequently  very  strong  bundles  of  eonnets- 
tive-tissue,  which  cross  and  recross  e^tch  other.  Their  elastic  elenientf 
may  eoircspond  to  those  of  the  tendons,  but  are  frequently  mor^j 
numerous,  and  display  a  greater  breadth  uf  fibre.  The  proportion  of 
blood-vessels  in  their  composition  is  but  small  Among  tbe  fibrous 
tissues  we  genemlly  reckon— 

a.  Such  closely -woven  whitish  envelope«  as  occur  frequently  in  the 
form  of  external  coverings  to  the  internal  oi^ns  of  the  body.  Thus  the 
sclerotica  of  the  eye,  with  its  densely  interlacing  con  iiec  live-tissue  bundles; 
the  dum  vmier  of  the  brain  and  spinal  cord,  with  ile  nunierous  elastic 
fibres ;  the  fibrous  part  of  the  pericardium.     Then,  ngain,  other  fibrous 
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envelopes  J  as  those  of  the  tosticle,  the  kidneys,  the  spleen^  the  ponis,  and 
ciitons.  There  is  generally  a  considerable  ^nchness  in  elastic  fibrilbe  here 
also.  This  tissue  may,  besides,  be  eoiiLinuous  internally  toward»  the 
organ,  with  a  banded  or  plaited  network,  in  which  smooth  muscular 
fibres  appear  sometimes  as  farther  forin-ekments.  Tbis  arrangement  may 
be  seen  in  the  cavernous  portions  of  the  uriuo-genital  apparatus  in  the 
lymphatic  glands  and  spleen. 

b,  The  fascise,  which  run  externally  into  formless  connective-tissue,  and 
likewise  penetrate  between  the  muscle  fibres  internally,  in  the  form  of 
thiti  platesL  At  one  time  they  have  more  the  texture  of  tendon;  at 
another  the  elastic  fibres  gain  the  preponderanea,  to  such  an  extent,  in 
certain  cases,  that  abundant  networks  of  the  broadcst  fibres  may  occur, 

6.  The  periuenrium,  or,  sj*  it  is  usually  called,  the  neurilemma,  likewise 
continuous  externally  with  formleiK  coo  nee  tive- tissue,  and  passing 
inwards  between  the  nervous  fibres  in  a  more  homogeneoua  form.  It 
cousists,  on  the  krger  nervous  trunks,  of  regular  bundles  of  connective- 
tisatie  lying  aide  by  eiJe,  parallel  with  the  course  of  the  nerve.  The 
undulating  arrangement  of  these  it  is  which  gives  to  the  structure  it« 
glistening  plaited  appearaoce.  Beaide  these  we  und  numerous  elastic 
fibres.  The  structure  of  the  sheath  continues  thus  down  to  the  smaller 
nervous  branches,  only  decreasing  in  quantity ;  here  its  substance  loses 
more  and  more  the  fibri Hated  character,  and  fusiform  connect! ve-tissne 
corpuscles  make  their  appearance  at  cons^iderable  intervals,  until  finally, 
in  the  smallest  ramifieatioDS«  we  find  only  a  transparent  homogeneous 
membrane  with  single  nuclei  imbedded  in  it.  There  is,  therefore,  & 
gradual  transition  here  from  a  fully-developed  connective  or  fibrous  tissue 
into  A  very  plain  connective- tissue  substance. 

d.  Periosteum  and  perichondrium.  Tlie  Hmt  of  tlieso  h  a  strong  mem- 
brane clothing  the  outer  surface  of  bone,  which,  on  account  of  its  supplying 
the  heme  with  nutrition,  is  tmvereed  by  a  multitude  of  blood- vessels. 
Its  Exteriial  layers  show  a  large  proportion  of  connective-tissue,  and  its 
internal,  or  those  lying  nearer  the  .bone^  more  of  tlie  fitie  elastic  fibfons 
networks  considered  already.  Its  connection  with  the  bone  is  efiected  by 
means  of  the  blood-vessels  sinking  from  it  into  the  latter,  while» 
ext^mallj,  it  merges  into  formless  connective-tissue.  Whenever  processes 
of  mucous  membrane  extend  over  the  surfaces  of  bony  cavities,  it  is  the 
custom  to  speak  of  a  coalescence  of  the  former  with  the  periosteum^ 
although  this  cannot  be  demonstrated.  Perichondrium!  except  that  it  is 
the  enveloping  membrane  of  cartilage,  is  similar  in  etructure.  It  is  rich 
in  blood- vessehs,  wliich  are  destined  for  the  supply  of  the  former  (§  112). 
In  reticular  cartilage  we  may  remark  the  elastic  fibres  of  its  intermedltto 
substance  passing  continuously  Into  similar  elements  of  this  connective- 
tissue  tunic 

6.  The  serom  membrams.  In  these^  bundles  of  connective-tissue  are 
discovered  intersecting  each  other  in  all  directions,  but  they  may  appear  a^ 
though  converted  on  the  free  surface  into  a  more  homogeneous  kyer. 
Besides  these^  we  encounter  alsoj  in  tolerable  abundance,  and  at  times 
even  in  large  quantity »  networks  of  fine  elastit^  fibres  in  them.  Here  the 
amount  of  hlood-veasels  is  inconsiderable.  Underneath,  towards  the 
organ  enclosed,  this  structure  passes  into  a  loose  formless  connective- tissue, 
the  go-called  subserous,  whilst  the  free  surface  is  clothed  with  flattened 
opi theli u m  sp ri ngi ng  fro  m  the  m itld I e  germ i  nal  p kte  ( j  9 8 ).  Theo retical ly , 
the  serous  membmnes  were  formerly  held  to  be  completely  closed  saia^ 
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wbicli  lm(i  been  ilimbled  in  by  the  organs  which  they  invest  But  tlaa 
b  by  no  means  alvTays  ihn  c^ise,  and  only  so  H  moi^t  iu  those  which  hava 
rf?i:«ivetl  the  names  of  true  serous  mm,  among  whieh  may  ha  reckoned  the 
Ijarkafdinm,  pleura,  pmiomum,  and  tnmea  vatßnalU  propria  of  ll© 
testicle       The      araehnoidea,  ^^ 

which  his  also  hmn  numbered       ^^^^^^^^^^^^^^^^^^^^Bf 
among   these,  hm  no  parieUU 
layer. 

Tbo  iiynovial  cap#ül6s  of 
joints  only  posaes®  also  the  re- 
quisites of  a  seroua  membrane 
on  theirhvteml  portions,  namely, 
a  hiyer  of  con utM^t i ve  -  tissue 
clothtnl  by  epithßliuni,  while 
the  floor  and  roof  of  the  cavity 
are  formed  of  the  naked  articu* 
lar  Ciirtibge. 

Bat  some  other  cavities,  ar- 
mnged  also  in  this  category, 
are  even  more  imperfectly  de- 
fined, namely,  the  synovial 
bursie  and  sheaths  of  tendons. 
Here  we  have  frequently  to 
dcal^  not  with  a  regular  wall, but 
with  an  extremely  soft  connec- 
tive-tiasue,  aatUKite<i  with  fitiid, 
gradually  becoming  more  eolid 
esternally«  inMead  of  a  distifict 
cavity.  But  in  tho^e  aituritions 
where  the  ehcaths  and  bur^o^ 
in  question  are  more  sltarply  defined^  we  may  encounter  at  points  a  simpld 
flattened  epithelium  on  the  con- 
nective-tisaue  fornjing  the  walls  of 
the  cavity. 

The  formation  of  these  '*  true  " 
and  ^^faJse"  flerons  sacs  is  explained 
by  the  oecurreDce  of  those  cavities 
in  oonnective-tissne  mentioned  at 
j  98.  By  the  formation  iu  the 
midtlle  germinal  plate  of  lai^r 
hollows  of  this  kindj  which  become 
more  and  more  defined,  we  pass 
gradually  from  the  mucoid  sheath 
to  the  true  serous  sac»  The  sub- 
arachnoid spa<:es  may  be  looked 
upon  to  a  certain  extent  as  inter- 
mediate forma. 

The  same  serouB  exudation  which 

utalea  formier  connective  tissue 

allia  the  surfaces  of  these  ea^itit^a 
moist  antl  slippery.    Its  amount  is 
normally  but  very  smali     Wa  have  already  met  with  this  fluid  in  greater 
abundance  in  the  form  of  synovia  (p.  1^5). 


Fur.  !nfi.— Uümmn  *kin   li*  vatitti  «ecttnn.     «,  tttpm^ 

tlem?«ih  till'  lätier  h  tli^«'  «L-oHtim,  formlnK  fhApUlP  it  f, 
und  |j<Ais|iFiit  Ih-Idw  itiiii  lb?.  iuHcuTaneflU  eoütiHttv^^ 

A  i  ^,  ftwfat  giMDdi  wkt  li  ihcLr  iluct«,  *  und  /;  ä^  reifte]»; 
If  nerv«»* 


Flj£.  73<^,— Ttttt  fitetUfl  friipHla  of  the  thin  fti^f^  nl 

H'^^^^i^^  t-nhilnif  Itilo  Thdr  compicwltlrifi,  w!(h  til« 
titi  tilu  roriMihlf»  til  Ol«  interior  und  Lb.«  ii«rre« 
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uintibr  cells,  a,  the  ccUa; 
b.  K  tim  liitem)4f{|l«t<  lab^ 
it&tic3  betf^evn  thdr  toiirei' 
eurem iiücft  ^  trunApareDt 
l»]|fer  or  baMtmtM  mtmbrawn 
d^  TimmuH  mevibrmne  tliiaus 
foniiu4  tjf  flUrgua  connective- 

all  iiiterptic<fB  (RoUeii). 


5  136, 

7*  Whilst  tlie  teroua  membranes  are  poop  in  blooU-vessels,  as  we  have 
juBt  seen,  we  have  to  deal,  in  consideriDg  the 
(juiis  (tig.  219)^  with  a  structuitj  very  difterent 
from  them  in  this  n^spect  The  latter  consista  of 
a  very  vascular  tissue,  made  up  of  densely 
interwoven  hbrillated  butidlus  of  connective- 
tissue,  accompanied  bj  very  nnmeroua  elastic 
ribres.  It  posatsses  connective- tissue  and  emi- 
grated lymphoid  corpusciea  abo.  in  thepapilldB 
alone  (li^.  220)  and  an  the  suiface  does  its 
tibrous  character  become  less  strongly  marked, 
giving  place  to  a  more  homogeneous  appear- 
itnce  ou  account  of  the  interweaving  of  the 
tilamenta  becoming  so  intimate  as  to  get  rid  of 
Here^  theti,  we  may  accept  ihe  preeence  of  a 
fitructureless  limiting  layer,  the  so-called  intermediate  membrane  of 
Henkj  or  baeenwfd  memh-mm  of  Todd  and  Bawmmi  (c^mp.  p^  84), 
Thp  cutis  is  covered  by  the  strongest  bed  of  epithelium  in  the  body, 
namely,  by  the  epidermis.  Further,  it  is  rich  in  nerves,  contains  many 
Email  btiudles  of  ßmooth  muscular  fibres,  possesses  lymphatic  canals, 
and  IB  travt^r^ed  by  the  hairs  and  their  follicles  as  well  as  the  ducts  of 
numeixum  glantls.  Below  it  is  continuous  with  the  soft  fatty  subcutaneous 
connective-tissue  (fig.  219,  A). 

Ö*  The  tissue  of  the  mtic&m  tnembranes^  which  is  also  very  vascular, 
has  a  similaf  structure  to  that  of  the  cerium,  if  it  do  not  consist,  as  in 
the  small  intestine  eBpecialLy,  of  reticular  connective-substance  eontainiDg 
lymphoid  cells.  We  have  already  considered  (at  §  88,  91,  93)  the  various 
kimla  of  epithelium  which  may  be  found  clothing  it»  all  havLng  their 
origin  from  the  lower  or  intestinal  glandular  plate  of  the  embryo,  Th^ 
true  mucous  membrane  (fig.  221,  d)  consists  of  interlacing  bundles  of  con- 
nective-tissue of  softer  constitution  ami  looker  tctxture,  however,  than  those 

in  the  cutis.  The  pitiportion  of  elastic 
matter  hero  is  liable  Ui  variation,  but 
is  smaller  than  in  the  akin.  Super- 
ficially, as  well  as  in  the  varioua 
prominences  of  the  tissue,  e.g.^  in  the 
villi,  papilla?,  and  folds,  the  fibrous 
character  becomes  fainter^  ao  that  wo 
not  nnfrcquently  have  hure,  as  in  the 
cutis,  a  trauÄparent  layer  (c).  But  the 
mucous  membrane  tissue  in  di  fie  rent 
organs  varies  to  a  certain  extent.  In 
those  parts,  for  instance,  where  it  is 
less  abundant,  owing  to  the  presence  of  a  large  number  of  glands  lying 
close  together,  it  usually  appears  as  a  more  or  less  streaky  or  slightly 
fibnllftted  substance  containing  nuclei  (fig,  222).  ün  its  deep  aspect 
it  IS  continuous  with  the  submucous  cotinective-tissue,  which  is  remark- 
ahlo  in  many  parts,  and  more  especially  in  the  digestive  tract,  for 
its  str<:)ng  texture  and  white  apj^earance,  and  which  constitutes  the 
tunica  nervea  of  older  anatomists*  The  mucous  membtanea,  which  are  in 
general  very  vascular,  possess  a  varying  number  of  lymphatics  and  nervra. 


-rf 


^C^ 


tliflue  of  the  mmcotii  ripeiiitiiiinf ;  *,  itHttorm 
of  empty  vrurla;  e^  irm  ktt<:r  t|ij£ct«4;  d. 
*{»ACt£i  for  tJic  p«[iUtf  gUificU^ 
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At  cöftam  pointa  tliey  cotitain  no  gJand«,  but  in  most  citncs  the  latter 
occur  in  sucli  qtiantitiea  that  the  groundwork  of  connective-tissuö  is 
completelj  thrown  into  the  buckgroiind  owing  to  their  amouttt,  &s  hm 
lieen  already  remarked.  A  a  an  instance  of  such  extreme  richness  in 
glands,  we  may  take  the  mucous  membrane  of  the  stomach  (figs. 
2t22  and  223).  Attention  Las  lie  en  recently  directed  to  the  occurrence 
of  «mooth  muacle  tibres  in  many  of  these  raembranesj  to  which  we 
muat  ascribe  considerable  jihyaiologjcal  importance.  We  shall  refer  to 
Lb  is  again. 

9*  The  80-ealled  vascular  mernhmneg  of  the  brain  and  eye,  the  ftia 
mater  and  piextw  chorioidea,  and  choroid,  also 
belong  to  the  connective^äasues.  In  all  these 
we  tind  a  mnltitu<le  of  blood-vessels  supported 
by  ioft  con nective^ tissue»  The  latter  appears 
under  ditFerent  forma.  One  of  these,  that  of 
the  choroid  of  the  eye,  has  been  already  de- 
scribed (p,  2!9),  The  piemw  chorimdei  show 
in  the  infant  a  completeiy  homogeneous  sub- 
stanct?^  in  which  round  no n -rami tied  cells  are 
imbeddecL  In  the  adyJt  also  the  whole  bears 
in  general  the  character  of  an  nntleveloped 
streaky  connect ive-tissue  (HticJiel),  In  the/i<a 
meiert  on  the  other  haud^  we  have  the  librillated 
form  nf  the  latter, 

10,  Ftrmlly,  connective-tissue  tunit;s  are 
found  widely  distributed  throughout  the  rascu- 
I  fir  ift/Htt^m.  The  endocardiuni  may  be  reckoned 
amnng  these ^  also  the  external  coat  of  the  ressels,  or  so- called  tuni(^n  adven- 
iitifi^  und  nn>st  of  the  middle  and  internal  layers  of  the  arteries,  Teins,  and 
lymphatics.  Great  variety  is  met  with  here»  however.  Together  with 
structures  of  fihrilJated  connective-tissue,  with  a  larger  or  smaller  propor- 
tion of  elastic  tibres,  are  found,  especially  in  arteries,  membranes  which, 
without  having  any  bundles  of  the  fonui*r,  present  in  a  homogeneous 
ground  substance  elastic  networks  alone,  of  either  fine  or  coarse,  or  some* 
times  very  thick  fibres.  They  may  also  occur  homogeneous  without  fibres. 
Thus  wo  lind  a  gradual  transition  from  connective- tissue  membranes  to 
ptircly  elastic  ones, 

11.  In  other  pacta  also  we  encounter  a  preponderance  of  elmiic 
elements^  with  a  sometimes  slight»  sometimes  great,  decrease,  and  at  other 
times  almost  complete  disappearance  of  the  fibri Hated  interstitial  connec- 
tive-tissne.  This  is  the  case  in  the  various  ligaments  and  membranes  of 
the  larynx,  the  trachea,  the  bronchi,  and  tissues  of  the  lungs,  I'jtternally 
also,  around  the  oesophagus,  is  found  a  principally  elastic  layer,  and 
connecting  the  latter  with  the  tubes  of  the  rcspiriitory  apparatus.  Beside 
other  more  limited  occurrences,  we  may  reckon  also  to  this  category  the 
ligamenta  ßava  of  the  spinal  column  and  Ugarnentnm  nttchm  of  some 
mMnmalian  animals. 

§137. 

AU  connective-tissues  of  the  living  body  are,  as  has  been  already 
remarked,  saturated  bj  small  quantities  of  an  animal  fluid,  in  whicU  wo 
may  eup|>oso  the  matters  of  nutrition  and  decomposition  to  be  contained, 
Thiflj  arriving  by  the  blood-Tessels  and  exuding  from  tliemj  gives  up  ita 


Fi^.  3^3.— Vf  It  I  Til  »ret  Inn  vf  Mi** 
maeoai  rociiLVntio  of  tue  ha- 
Tniuiflmtiiidi  a,  pa  puis  q{  Urn 
«irf ACe  I  ^  peptic  £lJinU& 
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flofplus  to  tlie  ra<licals  of  the  abaorbents  contained  in  tho  tissue  ( j  82), 
Unfortunately,  the  amount  of  this  fluid  is  too  small  to  ullow  of  oui 
obtaining  it  for  chemical  ahalyeis,  so  that  ita  composition  still  reuiaina 
unknown,  Concluaiona  m  to  the  constitutiou  of  the  nornml  fiuid  drawn 
from  analysia  of  those  abnormal  colleplions  raiit  with  iu  fomiless  .couneij- 
tive-tissue  in  oedema,  appear  to  us  iria<htjis3ibl& 

In  the  serous  i«ftcs  and  cavities  likewise  we  meet  with  a  verj  similiLr 
fluid,  in  varying  but  usually  small  quantity»  wldch  might  be  named  a 
watery  exudation  from  the  interüellular  fluid  i>f  the  blood,  containing,  on 
analysis,  albumen,  extractive  matters,  salts,  and  at  times  also  fibrin  (I)- 
Up  to  the  present,  the  only  fluid  contents  of  ouy  of  the  true  serous 
eacs  that  have  been  examined,  under  completely  normal  conditions,  are 
those  of  the  pmcardium  in  the  case  of  executed  ciimiualft  (Garup- 
Bmanez  and  I^matm).  The  results  varied,  The  first  of  these  investi- 
gators  obtained  in  two  cases  a  fluid  of  weak  alkaline  reaction  and  yellow  iah 
colout, 

1000  parts  of  pericardial  fluid  consUt  of — 


L 


2. 


062-83 

955-13 

3717 

44-87 

21-62 

24-68 

— 

0-81 

8-21 

1269 

7-34 

6'69 

Water,     .        .        ,        . 

Solid  constituents, 
Albumen, 

Fibrin 

Extiactive  matters,    • 
Salts 

Lehmann,  on  the  other  hand,  only  obtained  8*7£>  of  albumen,  0*93  of 
other  organic  matters,  and  O'ÖO  of  mineral  constituents,  per  thouaand, 
For  synovia  (comp,  p»  155).  The  intercellular  matter  of  connective 
tissue,  togetljer  with  the  fasciculi  of  tlie  latter,  cousists  of  a  glut  in-yield- 
ing material.  The  composition  of  the  cells  is,  on  the  other  hand,  still 
enveloped  in  obscurity,  while  in  the  elastic  elements  we  may  recognise 
elastiu.  The  intermediate  substance  of  the  cornea  alone  is  an  exception, 
in  that  it  yields  chondrin.  This  short  notice  includefi  all  that  Was  for- 
merly, and  is  to  a  great  extent  at  present  known  of  the  composition  of 
conn  ect  i  V  e-tiÄSue. 

In  the  embryonic  state  this  tissue  possesses,  according  to  SchwannU 
investigations,  repeated  subsequently  by  BcfihiS»ber*jcr^  a  ground  mass, 
f^>m  which  no  glutin  can  be  obtained  on  lM)iling,  and  which  appears  to 
lielong  rather  to  the  protein  group.  This  corresponds  also  with  iuvestiga* 
tlons  made  on  the  constitution  of  pathologically  formed  immature  eon- 
iiecfcivetiiASüe,  so  that  we  see  a  parallel  between  recently  formed  con^ 
nectivetissue  and  undeveloped  cartilage  (§  112)*  But  in  that  the  fully 
developed  tissue,  after  it  has  been  chemically  cleansed,  may  bo  converted 
to  a  greater  or  less  extent  into  glutin  by  boiling,  there  must  take  place 
between  the  embryonic  period  and  that  of  maturity  some  transformation 
of  the  albuminoid  intermediate  substance  into  a  collagenic  one.  Of  the 
intermediate  steps  we  know  nothing,  and  as  to  the  manner  also  in  which 
thia  change  takes  place  we  have  at  present  but  hypotheses  to  offer;  for 
we  have  not  as  yet  been  able,  as  is  well  known,  to  etfoct  an  artificial  trans- 
formation of  the  protein  substances  into  glutin  or  glutinous  matters*  The 
chemical  constitution  likewise  of  thote  undeveloped  and  not  yet  fibril- 
lated  portions  of  connective- tissue  already  mentioned  haa,  with  the  excep- 
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tion  of  the  cornea,  remaiDed  tindiscovered :   the  kttar  also  m  Ibe  fcetus, 
U  appeals,  yields  no  cbondrin. 

The  ground  8ül>stance  of  coanective-liasue  remainfl  unchangüd  m  cold 
wilier^  alcohol^  azxd  ether,  and  eweUa  up  into  a  jelly-like  mafis  under  the 
aution  of  acetic  acid»  which  only  di&solvea  it  to  a  certain  extent  when 
wann,  and  after  a  considerable  lapae  of  time.  Potash,  on  the  other  hand, 
commencea  to  dissolve  it  even  when  cold.  By  boihng  in  water  tliis  inter- 
ßellular  matter  la  converted  into  glutin  {§  15)j  but  whether  in  tatQ  is  still 
SEI  unsettled  question.  The  time  nec^sary  for  this  la  liable  to  variatioiip 
according  to  the  quality  of  the  con  nee  tive- tissue  on  which  we  are  work- 
ing^  As  to  the  process  also  by  which  the  coliagenic  tkane  is  trana- 
farmed  into  glutin,  we  are  as  much  in  the  dark  here  as  elsewhere.  And 
if  in  the  analyais  of  portions  of  connective-tissue  the  same  results  per 
cent  haye  beeji  obtained  as  in  the  ease  of  the  glue  prepared  from  the 
latter  by  boiling,  it  only  speaks  for  the  imperfection  of  the  chemical 
manipulation.  It  ii,  in  fact,  impossible  to  elucidate  with  any  degree  of 
accuracy  the  constitution  of  this  intercellulat  matter^  in  that  we  possess 
no  means  of  separating  it  from  the  numerous  form  elements  entangled  in 
its  substance,  namely,  coanective-tiaaue  corpuscles,  elastic  fibres,  &c.^ 
witl^out  even  taking  into  account  other  accidental  and  unessential  tissue 
eiementa,  such  as  blood-vessels,  fat  cells,  &c.  The  substance  cementing 
the  fibrillse  together  is  soluble  in  permanganate  of  potash  {EoUeti}^ 
IQ  per  cent  solutions  of  common  salt  and  in  baryta  and  ßme  water;  these 
lake  up  from  tendinous  tissue  an  albuminous  substance  giving  the  reactions 
of  mucin  (M&Ueä). 

The  com  portion  also  of  connect!  ve-tissne  corpuscles  is  but  to  a  ?mall 
extent  kno wn^  on  account  of  our  being  obliged  to  base  almost  all  our  con- 
clusions on  microchemical  re-actions«  Their  nuclei  show  the  usual  resist' 
ance  to  acetic  acid,  and  the  protoplasm^ — it  appears  in  the  tendon*cells  ot 
the  mature  body  to  be  reduced  to  a  minimum- — though  it  may  become 
greatly  changed  by  the  action  of  water  alone,  stiE  offers  to  that  of  acids 
couiiderable  opposition.  It  holds  out  against  concentrated  mineral  acids 
for  a  period  in  which  the  connective  intermediate  substance  is  softened 
into  a  pulp  or  lUssolved  (2).  Hot  solutions  of  potash,  on  the  contrary,  di.^ 
aolve  the  whole  cell  rapidly,  and  are  thus  of  importance  in  the  demonstra- 
ttaa  and  diagnosis  of  elastic  elementa.  The  latter  only  admit  of  nearer 
taTestigition  in  those  parts  in  which  they  are  met  with  in  great  prepon- 
d^ance,  as  in  the  ligamentum  nuchae,  and  to  this  is  due  the  slight 
acquaintance  we  possess  with  elastic  matter  in  general  (5  16). 

Those  homogeneous  elastic  niembmnes  of  large  vessels  already  discussed 
tj  127),  ^s  well  as  the  structurelees  intermediate  substance  of  many  elastic 
fibroufl  networks,  resemble  in  their  micfochemical  bearing  ordinary  elastic 
fibrous  tissue.  The  homogeneous  envelopes  of  certain  of  the  connective- 
tissue  bundles  appear  still  to  consist  of  glutinous  substance,  in  that  they 
give  way  to  the  action  of  caustic  alkaline  solutions,  whüe  in  other 
instances  they  are  decidedly  composed  of  elastic  material  (com p.  |  128). 
The  transparent  limiting  layers  of  cunnective- tissue  membranes  likewise 
are  liable  to  the  same  variation  in  composition,  Descemefi  membrane  on 
the  cornea  is  elastic,  while  the  anterior  transparent  lamina  of  the  latter 
and  the  hasefnent  membranes  are  of  glutinous  nature. 

These  facts  just  stated  are,  however»  of  interest  in  another  way.     They 
show  that  elastic  matter  represents  a  product  of  the  aubaequent  transtof- 
tnation  of  gl uti unyielding  intermediate  substance^  and,  moreover,  of  that 
16 
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form  from  wliich  collagen  aa  well  as  cliondrigen  is  prodiice<l :  comp,  what 
hm  been  already  staled  in  regard  to  elastic  cartilage  (§  108), 

Analysis  of  organs  wholly  forDnjd  of  coniiective-tiasue  lias  been 
undertaken  comparatively  rarely  up  to  the  present.  The  proportion  of 
water  in  the  tendotiä  amounts  according  to  C/ieürcul  U>  62  03,  in  the 
eomea  to  73-94-77 '82  per  cent.  (Hh).  The  latter  has,  therefore,  2Ö'0G- 
22-18  of  solid  matters,  of  which  in  one  case  20*38  were  converted  into 
gill  tin  OB  boiling,  and  2*84  waa  foil  od  to  be  made  up  of  organic  non- 
glutinous  substance.  The  latter  may  be  referred  to  the  corneal  cells  and 
their  processes,  as  well  as  the  membrane  of  Descemet  Together  with 
these  were  found  besides  O'öo  i^r  cent  of  mineral  constituents,  of  which 
0*84  were  soluble  in  water. 

Remarks»^!.  Aöüortiing  to  A.  Schmidt  '*  (ibriiiogeo  "  h  alinost  alway»  on©  <if  the 
coiiiiJöTienti  of  »UcU  exudation».  2.  We  can  thus  isolate  connuctiTe-tiasue  nasäagi-« 
witU  thÜT  terminul  la^ers^  and  remains  of  celU  in  the  interior,  by  means  of  auljjharic, 
IvyiirochlorJCt  or  nitnc  Rcid«.  Prolonged  boiling  also  in  alcohol  flciduUliHi  *ith 
livdrochlorb  t4:id,  i^nd  subaequeut  maceration  in  water«  leaves  th«  protoplasm  of 
tiiü  cdla  stilt  rtmulningf  while  tlie  interstitial  anbatance  nndergoes  aolutiou,  and  Üit 
eiutie  übtet  etumUe  up. 

§138. 

ConnectiYd-tiasue  forms  a  large  part  of  the  onlinary  investing  and  sus- 
tentacular  substances  of  the  body.  It  connects  organs  with  one  another, 
envelopes  them,  and  Ulla  out  interstices  between  them  aiid  between  their 
divisions :  it  fixes  parta  agaiuBl  one  another^  fonn^  pasi;ages  for  ves.<%li 
and  nerves,  and  cavities  for  collectiontj  of  fat  cells,  &c.  This  so  widely- 
distributed  tissue,  then,  cornea  under  our  cotisideration,  as  reganls  its 
pbysiual  properties,  mainly  for  the  building  up  of  our  body*  Loosely 
interlaced  aa  regards  its  fa^iculi,  connectivo-tissue  presenta  itself  in  the 
form  of  a  yielding  extensible  substance.  But,  on  the  other  hand,  we  usually 
cncouuter  a  more  dense  and  intimato  interweaving  of  its  fibres^  especially 
in  form* id  connective-tissue ;  so  that  a  greater  or  Ivm  <legreo  of  Bolidity  ie 
attained,  as  opposed  to  tb©  extensibility  of  that  formless  spcciea.  The 
plentiful  occurrence  in  it  of  elastic  elements  has  also  a  great  induenee  on 
the  physical  qualitiea  of  the  tissue. 

On  the  other  hand,  we  encounter  atructurea  formed  of  connective^iisaue 
which  play  a  part  in  the  chemical  proceaaea  of  the  ay  a  tern,  owing  to  their 
great  vaacularity  or  abundant  exudatory  activity,  as,  for  instance,  the 
skin  and  mucous  membranes.  This  depends^  however,  properly  apeakiug, 
upon  the  contained  blood-vessels. 

It  is  usually  supposed,  though  without  sufficient  dnta  for  proof,  thftt 
the  transformative  cJ4>acitics  of  connective-tissue  in  regard  to  the  mattefi  ^ 
paaaing  through  it  are  in  general  but  small.  We  are  led  to  infer  this  bjJ 
the  passive  part  wtiicb.  the  tissue  takes  in  the  assimilative  revolutions  dfJ 
the  body,  or  its  slight  inclination  to  decay,  and  by  the  poornef«s  in  veaad#| 
of  many  parts  formed  of  tt. 

This  interchange  of  matter,  however,  be  it  great  or   small,  is  atill 
completely  veiled  in  olificurity  as  regards  its   nature^      The   fact   thati 
glycin  and  leucin  ($  35  and  31)  are  products  of  the  artißcial  decomposi-  ^ 
tion  of  glutin^  while  clastic  material  yielda  the  last  of  these  only,  may 
give  us  some  slight  point  to  hold  by  In  the  present   helpless  slate  in 
which  we  find  ourselves. 

Some  years  ago,  from  the  eoonective-tissue  theory  of  Dondem  aod 
Vireh^e^  an   idea  sprung  up   that   the  cellular  networks  of  its   cor- 
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puscl&B,  ifupposed  to  bo  eupplii^il  with  meraljraiu:?,  constituted  a  hollow 
system  of  canals,  like  tljat  to  be  met  with  in  bono,  fur  the  con- 
ducting of  ttirUiii  dofiiiito  nutritive  (biitU  IhrtiUph  tha  tissue,  forming 
thus  a  plaHtnatte  circulation.  Baaed  on  tliia  view,  Lh©  name  of  mp  canali- 
etdi  was  given  by  Ki>eUiter  to  tbese  passag&a.  But  there  was  no  phy- 
ilologieal  necessity  for  suppoaing  that  this  mutt  h«  the  case  in  connective- 
tlsauGp  in  that  it  does  not  occur  in  cartilage.  Brides,  the  system  of 
iiiterstices  in  parts  formed  of  connective-tissue  would  appear  but  little 
suited  for  tba  fultilment  of  such  an  object»  frequently  stopped  as  they 
are  by  cells,  and  compressed  by  the  intermediatii  substance.  Communica- 
tiona  between  these  interspaces  and  the  vascular  systems  do  not  occur, 
either  with  the  hlood-veeseii  or  lymphatica,  although  this  erroneous  doc- 
trine still  permeate«  histology. 

The  question  now  ariaej*.  which  of  the  elements  of  form  are  to  bo 
looked  upon  as  physiolngically  the  moat  active  and  important  in  con- 
nective-tiaiue  masses  ?  Here  also  as  anatomicaUy  the  decision  must  he  in 
favour  of  Uie  cella^  so  long  aa  the  latter  possess  even  a  small  remnant 
of  their  body.  On  the  other  hand,  conneclive4isfiue  structures,  in  whicli 
the  cellular  elements  no  longer  exiöt,  and  where  alone  ^dense  networks  of 
elastic  libres  remain,  must  be  looked  upon  as  tissues  endowed  with  a 
minimum  amount  of  life ;  for  instance,  the  ligamentum  nuchie. 

Among  the  trcinsformations  of  senescent  connective  tissue  we  must  now 
bestow  a  few  words  on  caktßcaiumj  occurring  in  a  similar  manner  to  that  in 
cartilage,  and  by  no  mpans  mrcly.  Bony  tissue  may  likewiae  tiike  the 
place  of  the  foruier,  hut  much  more  seldom  by  direct  transition  of  one 
tissue  into  the  other  as  by  a  neoplastic  proeeas,  corresponding  to  that 
which  takea  place  in  the  embryo,  where  the  newly-produced  bony  mass 
takes  up  the  place  of  the  vanishing  connective-tissue.  We  sliall  be 
obliged  to  refer  again  to  this  question  in  considering  osseous  tis^äue. 

We  are  now  met  by  another  difficult  question ,  namely,  how  far  coU' 
aective-tiisue  cells  may  become  transformed  into  the  elements  of  other 
tlamies  not  belonging  to  this  group.  It  appears  plain  tiiai,  with  their 
power  of  vital  contractility,  no  great  distinction  can  be  made  l>tjtween 
them  and  the  cellular  elements  of  unstriped  muscle.  And  yet  there 
}uLV%  been  long  and  indeterminable  coiitroversies  as  to  what  are  muscle 
and  what  connective-tissue  cells  in  certain  organs,  e.g.,  the  lymph  glands 
and  the  ovary.  We  have  already  stated  (§  98)  that  the  so  called  endo- 
tholia  muat  take  rise  from  the  cellular  elements  of  connective-tissue.  On 
Ihe  other  hund,  there  appears  to  he  no  transition  into  the  cells  and 
offispfing  of  the  corneous  and  intestinal  glandular  plates,  and  there  seems 
further  (if  wo  except  the  neurtigllii  and  many  portions  of  the  higher 
organs  of  aen«e)  to  be  no  true  connection  between  these  tif^sucs.  It 
is  true  thjit  such  intercommunication  Ilüs  beeo  frequently  oss^^^rted  to 
take  plflce,  a.«,  for  instance,  in  the  intestinal  villi  by  HeideiihahL  Here 
long  processes  of  the  cylinder-epithelial  cells  are  stated  to  be  united 
with  those  of  tho  connective- tissue  corpuscles  of  the  eustentiicular  sub- 
^innco  of  the  villus.  These  statementu  have  not,  however,  been  corrobo- 
rated. 

The  contractile  and  wandering  lymphoid  cells  of  con nective-t issue  have 
h(*(m  already  dealt  with  in  a  former  section.  That  they  generally  take 
their  rise  from  the  derivatives  of  the  middle  germinal  plate  in  enormoua 
n amber«  there  can  bu  no  doubt. 

It  ia  a  striking  fact,  ascertained  by  yirdi4}W^  that  connective-liäfiue^ 
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which  usually  appears  so  quiescent  and  indifferent  in  the  adult  bodj, 
dispkya  during  pathological  processes  a  new  aud  mighty  vigour  of 
growth. 

Simple  inflammatory  irritation  alone  gives  rise  to  a  rapid  swelling-iip 
of  the  cells  contained  in  the  intersticea  of  the  tissue.  In  tlie  dull  proto- 
plasm of  these  we  may  remark  division  of  the  nnelei  also,  in  non-vascu- 
k£  parte  like  the  cornea^  as  well  as  in  Tascular  atmcturea  (Strieker  and 

We  have  already  seen  (p.  129)  that  pus  corpuscles  (lymphoid  cells) 
may  frequently  accumulate  in  the  parages  and 
interstices  of  connective-tiasue  (Hg.  224)  in 
great  quantities,  owing  to  such  irritation,  arriv- 
ing there  partly  from  the  circulation»  But  others 
originate  in  the  tissue  itself;  and  it  has  been 
by  some  maintained  now  for  many  y^rs,  with 
the  utmost  certainty ,  that  the  parents  of  these 
are  the  connective-tissue  corpuscles. 

But  the  mode  of  this  origin  requires  nearer 
investigation  than  it  has  as  yet  received«  It  is 
possible  that  the  membraneless  connecUve- 
tissue  cell  may  divide  into  these  lymphoid  ele- 
meni<]  by  simple  or  double  nuclear  segmenta- 
tion* 

Owing  to  its  wide  diatribution  throughout  the 
body,  connective- tissue  plays  the  most  important 
part  in  pathological  neoplastic  processes.  Loss  of  substance  in  the  oi^gans 
of  the  middle  germinal  plate  is  replaced  by  it  (cicatricial  tissue)  just  m  it 
may  take  the  place  physiologically  of  degenerated  organs.  Luxuriant 
growth  of  this  structure  causes  an  increase  in  quantity  of  the  sustenta- 
ouiar  substance  of  glands  and  other  parts,  as  well  as  thickening  of  mem- 
branes, and  so  on.  Numerous  new  formations,  in  the  form  of  turn  on  rs^ 
from  the  simple  wart  up  to  the  supporting  tissue  of  the  most  dangerous 
cancerous  growths,  consist  of  it  Tumours  consisting  of  pure  connective* 
tissue,  with  a  more  or  less  dense  texture,  have  been  given  the  name 
of  ßbromas.  The  starting-point  of  these  is  in  most  eases  ordinary  or 
physiological  connective-tissue,  with  an  undoubted  participation  of 
lymphoid  celb. 

The  appearance  of  such  a  pathological  connective- tissue  is  very  vari- 
able. Beside  the  most  fully  developed  texture^  such  as  only  formed  con- 
nective-tiiäsue  can  show,  we  meet  with  stnictures  of  a  softer  species  allied 
to  the  so-called  formless  kind.  Wo  encounter  also  appearances  such  as 
are  presented  by  the  young  embryonic  tissue.  Thus,  wherever  a  rapid 
development  of  the  tissue  is  taking  place,  soft  fusiform  and  stellate  cells 
in  close  juxtapnisition  are  observed,  or  there  may  be  merely  round  and 
very  primitive  elements  with  scanty  inter  mediate  matter  to  be  seen.  It 
appears,  also,  that  nucleated  formative  cells  without  a  membrane  may 
coal^ce  owing  to  their  abundant  protoplasma,  forming  more  or  less  homo- 
geneous multi-nucioar  masses.  This  must  have  beeu  the  origin  of  tho 
many  aUeged  exudations  with  spontaneous  generation  of  nuclei  spoken 
of  in  former  days.  We  leave  the  rest  to  the  hand-books  of  pathology | 
aud  pass  on  in  the  next  section  to  the  origin  of  the  tissue. 
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The  fitsi  indication  of  the  formation  of  conoectlTe-tissiie  ii  the 
«ppearatice  ftt  tn  early  foetal  pi^riod  of  delicate  embrjonio  q^Um  (fig,  44» 
p,  66)^  crowded  together,  without  any  membrane,  and 
containijig  vesicakr  nuclei.  These  are  held  together  by 
&  ÄtöaJl  amount  of  an  albuminous  intercellular  substance, 
»0  that  connective- tissue  and  cartilage  commence  both  of 
them  B'ith  extremely  eimilar  primary  forms.  This  first  con- 
dition of  rudimentary  connective- tissue ,  however,  is  only 
very  traue ieut 

The   further    trau  if orm  at  ions    take    place    witb    equal 
rapidity,  and  are  of  different  kindi  in  the  various  connec- 
tive^ tissue  structure«,     If  these  remain  poor  in  bloody  as, 
for  instÄUce,  the  tendonsj  the  cells  preserve  their  original  cTowded  position, 
bat  become  fusiform  (lig,  225).    If,  on  the  other  Land, 
they  become  vase  alar,  as  is  the  ense  with  subcuUneoua 
cellular  tissue,  an   outpouring  of  a   plasmatic   fluid 
containing    albumen    and   mucin    takes   place:    the 
formative  cells  separate  from  one  another,  and  assume 
frequently  stellate  figures  (fig.  226), 

But  even  already  all  these  cells  have  undergone 
metamorphosis.  Their  processes  have  broken  up  into 
a  number  of  the  most  delicate  £brill£e,  which  are  at  first  straight,  and 
contain  abundant  granules  of  protoplasm  l>etween  them.  Later  on  the 
latter  withdraw  more  towards  the  middle  of  the  cell,  and  the  original  cell- 
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body  diminishes  to  a  corresponding  degree  in  volume.  The  fibrilla; 
then  assume  gmdually  a  more  and  more  wavy  character,  and  are  con- 
verted into  an  ordinary  bundle  of  connective-tissue  hbrillße  (the  interstitial 
molecules  disappearing  at  the  same  time)  {Brmlauer  and  Boll)^  or  into 
tingle  fibrü  {Kutzndzoff  and  Obersteiner),     From  personal  observation  we 
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ar©  inclined  to  accept  tMa  as  the  correct  riew,  altliougli  Rolleii  supposes 
ihe  oonnective-tissme  fibres  tc  have  their  origiD  independently  of  the  celL 

The  fasciculi,  according  to  this^  spring  fro  do.  the  naetamorphoaia  of  the 
original  ceU-body,  or,  if  we  prefer  an  expression  of  if.  SchMze's^  are  pro- 
duced by  **  the  formative  agency  of  the  protoplasm." 

We  refer  the  student  to  figs.  227,  228,  229,  and  230,  almost  all  of 
which  apply  to  the  development  of  solid  connective-tissue  masses  poor  iu 
blood-vessels  ami  intermediate  fluid. 

Such  appearances  were  known  long  ago  to  Bchwami^  who  interpreted 
them  quite  corret-tly.     Later  on  the  connective-tissue  fibrillse  were  sup-| 
poöed  to  be  formed  by  a  metamorphosis  of  the  intercellular  substance,- 
tbaory  fur  which  at  last  even  Koellik^r  declared  himself* 

At  the  present  day,  when  the  absence  of  an  envelope  on  the  connective- 
tissue  cells  is  looked  upon  as  certain«  and  the  intercellular  substance  id 
regarded  as  at  least  in  many  cases  a  metamorphosed  external  part  of  the 
cell'ljody,  as  in  cartilage  (p.  167),  the  relationship  of  the  cell-body  to  thö 
fibrillae  appears  again  such  as  indicated  by  Scliwann. 

From  the  length  of  mature  connective-tissue  bundles,  it  may  be  inferred  ( 
that  the  tibrillce  of  adjacent  cells  unite  in  a  longitudinal  direction  in  their 
formation  {BoU}. 

We  turn  now  to  the  inquiry,  what  is  the  further  destiny  of  the  so 
much  impoverished  formative  cell  of  connective-tissue  t 

It  appears  to  vary  in  ditforent  ways, 

In  some  cases  this  cell  persists,  separates  from  it^  product  the  fasciculus 
and  is  transformed  into  that  frequently  flattened^  sometimes  smooth-edged^  | 


HppArenOy  form»* 
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»ometimes  jagged  element  with  wlitch  we  have  become  acquainted  thrt:)ugli 
the  investigations  of  Kuhns,  Hanviei',  Flemmmf/^  and  i?y//,  as  the  cell  of 
mature  connective- tissue  (comp,  §  129). 

Again,  the  nucleus  remains  behind  with  a  small  (fig.  230}  or  frequently 
almost  imperceptible  residue  of  protoplasm.  This  is  the  case  in  thosd 
eoanaetiT^O'tissue  structures  we  have  already  considered«  in  which  appa* 
itntlj  naked  nuclei  are  met  with  in  the  fibrous  mass  (§  132,  for  instance.) 

Thirdly^  the  nucleus  seems,  in  »ome  cases,  to  disappear  e^rly  with  its 
iOaiity  remainder  of  protoplaam.,  by  commencing  fatty  degeneration  (Boitj^ 
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so  that  we  may  only  meet  with  fasciculi  intermixed  with  ekatic  element», 
but  without  a  trace  of  the  original  iormativo  cell  (comp.  fig.  201-203). 

We  must  still  leave  it  an  open  question,  whether  lymphoid  cells  which 
huTe  wandered  out  of  the  foetal  blood- vessels  may  not  t+e  trans  for  me^i 
into  formative  coüs  of  connective-tisjaue.     It  eeeros,  however,  piobahle. 

The  mode  in  which  elastic  hbres  have  their  origin,  though  compara* 
tively  easy  to  observe,  has  been  long  a  Hobject  of  controversy.  And 
althougli  the  maoner  of  theii'  separation  from  the  interstitial  svibstance 
remains  up  to  tb©  present  completely  u  nest  plained,  etill  there  can  be  no 
doubt  that  they  originate  independently  of  the  connective-tissue  cells. 

In  5  1  ^6  we  spoke  of  the  ligamentum  nuchae  of  the  adult  mammal  as  a 
mass  abounding  in  clastic  fibroug  networks,  and  in  which  no  corpURcles 
are  to  be  found,  ^^ow,  it  wag  from  this  tissue  in  question  that  Muiiei\ 
and  iubaequeiitly  HenJc  and  RmcheHt  obtained  proof  of  this. 

If  we  examine  the  ligamentum  nuchae  of  very  small  foetuses,  we  observe 
the  same   to  consist  of  numerous  spindJe-aliaped   cella  arranged  longi- 
tudinally, and  of  im  intermediate  suhstance  with- 
out any  elastic  elemenU.     Later  on  (Jig.  231,  A\  VWWMlt/r 
we  recognise  exactly  similar  fusiform  cells,  with      ,v^OT  fliiVM/i 

considerable  sized  nuclei  and  «hort  pointed  ex-       ^^-^;- '^'^jM]™ 

tremities  (a).     Between  these  there  appears  an  ^■^.^E  tn 

indistinctly    fibrous     niatt^ir    {h).       Even    here 

nothing   is  seen  of  lUe   elastic    elements    until 

the  whole  has  been  treat« d  with  boiling  potash 

(J?),   when   the   culls  are  destroyed^  and  a  net^ 

work   of  ejrtretnely   Hue  elastic  fibres   becomes 

visible. 

If  we  continue  our  research  on  older  embryos, 

w»  Hnd  these  fusiform  cells  becoming  thioner  and 

longer  until  tbey  gradaally  disappear.     In    the 

new-born  animal  oidy  traces  of  the  latter  are  to 

be  seen.    The  elastic  networks  increase  in  density 

iu    the    same    proportion,    and    their   fibres    in 

strength.     The  bundles  of  connective-tissue  also 

become  more  apparent  in  the  ligamentum  nuchie 

{KoelUker). 

I'he  above  sketeh  of  the  davelopment  of  con- 
nective-tissue wiU,  no  doubt,   receive,  through 

continued  lesearch,  many  additions,  the  more  so 

m  our  acquaintance  with  the  subject  must  be 

looked  upon  as  being  merely  in  its  commeocemonL 
If  we  inquire  into  the  modo  of  appearance  of 

connective- tissue  in  the   body,  we    tind   that  it 

may  be  classed  into  a  primary  and    BECondanj. 

Tbe  priraary  is  from  a  metamorpb^)sia  of  the  cells 

of  the  middle  germinal   layer.      The  secondary^ 

also  from  the  same  embryonic    layer  (never   from    the    corneous    and 

intestinal   glandular   leaf),  takes  place  usually  from   other  members  of 

the    connective-tissue  group,  most  probably  from  lymphoid  corpuBcle^, 

As  an    instance    of   secondary  formation  of  connective  tissue,  we  may 

cite  the   procesji   of  the  production   of  bone    to   be  described   in  tbe 

following  section. 

In  pathological  novogenesis,  also,  the  formation  of  the  tissue  takett 


^^^ 


B 


Fig.  23^L— Fmia  On:  llE»meii- 
(una  OQ€^  of  axi  embtyonlt' 
piiff  S  inclkei  loRf^.  A^  la- 
lerftl  upi^ct;  B,  fii«irortii 
c<?Ui  In   nbrillAtCHti    grauud 

ftbrc«,  c,  rciKlLTed  rjiitfto  hj 
bollliLiC  In  poiuli.     (Splftldf 
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pldfse  in  the  mmo  manner  as  has  been  described  above  for  the  normal 
structure.  But  tliat  many  subordinate  peculiarities  may  make  themselves 
evident  here  must  be  granted. 

Remcarks.— We  «hould  be  obliged  to  orerstep  the  bciunda  of  a  work  of  thh  kind 
by  a  gT^t  de^l  did  wp  enter  more  minatel>\  or  in  a  manner  which  cotdd  he  regarded 
to  Kay  extent  ^  exliaUBtive»  upon  thm  still  una«jttled  question  as  to  the  orif^iu  of 
coHne**tive-ti^ue.  In  tba  year  1SS9,  ita  mode  of  oridn  wm  belil  by  Schwann  to  he 
the  following:— CeUa,  origitiKlly  aphcrüidd,  tuokon  tne  fiiaiform  figure,  ind^becomiog 
r'urtber  elongatedp  underwetit  a  splitting  up  of  thetr  substance  into  fibrillin,  eom~ 
nkeaeing  at  their  extrumitien,  thujs  giving  rise  on  the  metamorphosis  of  the  kttor 
into  the  so-caOed  bundlo^  of  oonneotive-ttftsue.  Aa  to  the  destiny  of  the  nuelet  of 
t,lic!«ie  form^atlve  oelln*  it  remained  unexplained,  and  the  development  of  elastif^  Hbrea 
from  other  celU  wa»  looked  upon  as  jirubable,  Ilenk^  however»  appeared  soon  iiftcf 
as  propounder  of  a  new  theory  of  origin,  in  cünsequenüe  of  renewed  hives tigiitlou« 
According  to  his  view,  eonneetive-tisaue  consiMtaof  an  originiilly  nufleatocl  blastema, 
in  which  the  nuclei  ana  arraugoil  with  regularity,  and  the  grduud  substance  splits  yp 
into  bands  following  their  direction.  By  a  fibrillar  metamor^oiti  of  the  latter,  the 
ordinary  faacieuli  arc  produced.  At  the  aamo  timcp  tb©  nndet  ai^  supposed  to  become 
plongatod  into  fvisJfomi  bodiea,  wliicb  may  subaeciuently  unite,  forttiinj^  fine  elastic 
fihrea  (Kcmfasern),  No  personal  investigation  a  have  bt'c?n  jmbUshed  by  hira  a»  tä 
the  formation  of  the  larger  elastic  fibwneuta.  In  IB  45,  MeidLcrl  brought  out  a  very 
important  work  for  the  history  of  etmnecti ve-substance*  I  n  thia  he  taugh  t  tha  t  between 
tha  ori^al  cells  of  embTTonio  connectire-tisauis  «n  int<freellaiaT  matter  gradually 
makes  it^  appearance,  the  fonner  eoakaoin^  with  thia  to  form  a  homogeneous  maü, 
«o  that  in  tliat  the  nuclei  are  «till  recognisable  ;  we  bave  arrived  at  about  the  same 
starting- point  as  that  maintained  by  Henh.  Ijater  on,  the  nuclei  were  supposed  by 
Uim  to  disappear  in  part,  while  the  occurrence  of  fusiform  cilia  was  denii^i,  and  the 
objects  which  had  been  held  to  be  auch  were  declared  to  be  (togctht^'r  with  the  übriMia 
of  connect! re- tisane)  artificial  producta,  as  alr^dy  mentioneil  Elastic  fibres  were 
i%gmrded  ss  tranafonnationB  of  tJie  ground  aubstanee«  In  the  year  1851^  however, 
there  came  ^  turning-point,  through  the  works  of  Yirrhmi?  ond  Dmidtts.  These 
invtistiffstors  demonstrated,  with  the  scanty  aids  to  research  of  the  tiuie,  in  the  Brat 
plac^  the  f>ersisteiiee  of  niieleateil  celK  and  laid,  with  p€rfei;t  jusiice,  the  chief  stres« 
on  these  elemenbi  of  the  tisäue.  They  fell,  however,  into  a  dang^troua  error  in  n^gard 
to  the  origin  of  olastic  fibres,  in  that  they  sunpoiwd  the  latter  to  take  tbeir  origin 
from  a  i^hange  in  these  cells.  According  to  hotli  observers,  the  latter  never  take  the 
form  of  connective- tissue  bundles,  but  entur  into  the  conatrnction  of  stellate  and 
fusiform  corpuscles,  which  may  unite  to  form  elastic  tubes  auil  fibres.  The  latter,  aa 
a  rule,  have  origin  only  from  such  cells  {a  jioint  lon^  defended  by  Ko^^lUkcr),  Trua 
i^nnective-t issue  is  intercellular  substance.  Thia  view,  supported  by  Virthmff  and 
B<mdsr9t  was  at  once  attacked  by  MtntU  in  the  mo^t  determined  manner  ;  the  stellai« 
oella  were  declared  to  be  the  transverse  section«^  of  interstices  between  the  bunillee  of 
connrctivii-ti^aue,  and  the  whole  to  be  an  optical  illusion.  Now,  although  Nenk^  we 
must  confess,  has  In  mauy  respects  gone  too  far,  still  he  ia  entitled  to  pmise  for 
having  directed  attention  to  errors  iti  the  theory  just  mentioned  as  that  of  Virekoi^ 
and  FJoftd'TT^^  On  the  other  hand,  this  new  theory,  »ometimea  unchanged,  and  iomc^ 
times  with  greater  or  less  mod  iti  cat  ion,  was  received  (and  further  developed  by 
observation  of  the  normal  a«  well  as  diseased  tisanes)  by  a  iiauiber  of  new  adherents  of 
the  two  men  just  named.  The  formation  of  bundles  of  connective -tissae  from  eaUs, 
in  the  sense  in  which  Schwann  spoke  of  it,  has  only  been  supported  (among  num  of 
any  note)  by  KoeiliJ^^  up  to  the  year  1&6),  when  he  too  gave  it  up;  au  otbors 
have  regarded  the  fatciculi  and  fibrillae  as  metamorphosed  intercellular  substance. 
Again,  a  new  era  was  initiated  by  a  paper  by  Jf,  Sckidi»  in  ^üh^rt  and  Du  B^Hm- 
Mffmänd's  Archiv.  IBSI«  p.  la.  In  thia  be  proclaimed  the  formal  ive  cell  of  eorniee- 
tiv«' tissue  to  be  membranelrss,  like  other  young  cells. 


10.  The  Tiseue  of  Bone. 

Soni/  or  m»eo}u  iumte  i«  a  mßmber  of  the  group  of  connective» 
fubstancGv^  h\f  no  mejins  epritiging  in  the  first  instance  and  immediately 
f'fom   the  cells   of  the  middle  germinal   plnte,      It  is  rather  formed 
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»ecoG<krily  from  metAroorpbosed  doecendanls  of  cartili^j©  or  coaoective- 
lisgue  cells,  and  may  therefore  be  r^ard«d  fts  the  mo&i  complex 
efcructure  of  this  group,  It  consists  of  A  network  of  stellate  ramifyiog 
ispajcm  con  tattling  cells,  and  an  abnndant  iutermediate  subataiice  of  hoQio- 
geneous  nature.  The  latter  is  remarkuhle  for  its  extreme  hardness  and 
fiolitlity,  and  renders  the  whole  the  tnogt  reeistent  of  uU  the  more  widely 
spreiiid  tissue«.  Ita  BfieciHo  gravity  in  the  compact  substance  of  hollow 
bones  is  1*D30;  in  the  spongy,  1*243  (Kraust  and  Fischür).  As  the 
imme  expresseJij  the  occurrence  of  this  tissue  is  in  the  human  body  nomially 
confined  to  the  bone»,  »f 
we  ü3ccept  ft  thin  t.^oaling 
on  the  roi>tB  of  the  teeth. 
lis  distribution»  however, 
among  t  he  ver  tob  f  a  tes  J)  re- 
mnt»  considerable  variety* 

As  is  well  known  phones 
are  divided  by  anatomigts 
«wording  to  their  form» — 
into  the  ian^  or  cylin- 
fir  leal ^  the  flat  or  tahuhr^ 
the  Mhori  or  xrregulur. 
AgMDp  in  accordance  with 
tbeir  texture,— into  the 
eompaci  (in  wliich  the 
tissue  has  the  appearance 
of  a  solid  continuous 
tnaaa);,  and  the  npmigy  or 
canceilahdj  in  which  the 
üsscon»  suljstanciLs  occur- 
ring  in  tlie  (ovm  of  biinda 
and  plates,  encloses  a  sys- 
tem of  cellular  intercom- 
municating  cavities.  The 
cylindrical  bones  display 
a  compact  texture,  e^ccept 
in  their  term  in  at  portions 
or  epiphyses,  whilst  those 
belonging  to  the  short  or 
irregiihir  class  are  formeii 
of  spongy  tissue,  with  the 
exception  of  their  euper- 
fieial  layers.  In  tabukr 
b^oes  we  encounter 
ipongy  substance  or  dip- 
l5e  clothed  externally  by 
UmiDSB  of  a  very  hartl 
tlsrae  known  as  vitreous 
lajeiv  (Gias tafeln). 

The  great  har^lnef^a  of  osseous  tissue  does  not  admit  of  the  usual 
methods  of  examination  being  applied  to  it,  and  we  are  obliged  eirher  to 
have  resource  to  plates  which  have  been  sawed  out  and  ground  thin,  or 
WÖ  must  extract  from  the  tissue  its  solid  mineral  constituent«,  after  which 
the  decalciiied  renminder  {bofye-eariilage,  as  it  has  been  inappropriately 


r^' 


-/ 


Vlg.  JÜ3.— l'er|«tttl»*iil»T  ma^UdD  Thmugb  *  human  ptiiJMii^ 
At  a  »nd  A,  tvo  mrdiillAry  ranilt  wItN  lirÄtichrp,  r  mi^ä  «If  #. 
the  üKAcc»  of  «niUcua  BpiH!JiTlniE  «  dull;  /,  otieoBi  «Ui 
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nfimed)  or  ossein  permits  of  being  cut  up  owing  to  its  cartilaginous 
consistence. 

In  vertically  cut  plates  of  cotnpaict  substance  from  long  bones  (fig. 
_  227)  we  may  recogoise  the  following  i 

points.  Tho  whole  ia  t  rave  reed  by  m  ' 
system  of  canals  formed  of  longitudinal 
passages  connected  in  a  reticular  man- 
ner with  one  another  (a»  b,  e.  d)^  and 
having  an  average  diameter  q{  0^1 1 28- 
0  0149  mm.^  with  extremes  on  botk  I 
sides.  These  run  more  or  lees  parallel 
with  one  another,  separated  by  in- 
tervals of  about  0  1128-0  2802  mnv 
At  certain  intervals  also  connecting 
tubes  are  ieen  passtDg  betwe^-n  these  at 
one  time  difsetly  transverse,  at  another 
rather  m^re  obfiquely.  If  the  section 
include  the  whole  thickness  of  the 
hone,  8ome  of  these  canals  may  ba 
observed  to  open  freely  into  tha 
nvedollftry  cavity  intern allvi  as  well  aa 
exttrnaily  towards  the  periosteum, 
widening  as  they  do  so  into  funnel- 
shajKjd  oritices. 

Towards  the  ends  of  the  long  bones, 
in  the  neighbourhood  of  their  articular 
cartilages,  certain  bends  in  the  cout^e  of 
the  medullary  canals  may  be  observed. 
Tliis  ^'stem  of  passages  is  destined  for 
the  ad  mission  into  the  bone  of  the  blood- 
veenels  necessary  for  its  nulntion.  Tho 
paa&agea  themselves  aro  known  by  tlie 
nBm^ofHammim  or  nteduUarycantiiA 
Transverse  sections,  as  tig,  233,  have 
of  course  quite  a  different  apjx^a ranee. 
Here  we  see,  at  corresponding  db- 
tances,  the  severed  ends  of  the  longi* 
tudinal  canals  in  the  form  of  rounded 
apertures  {c,  c) ;  or  should  tlie  section 
have  been  made  somewhat  obliqiiely, 
of  more  or  less  oval  detieieneies  of  substance>  Again,  if  the  cut  hava 
fallen  in  the  plane  of  one  of  the  transverse  intercommunications  between 
two  such  canals,  the  latter  appear  as  round  holes  connected  by  an  opeil 
bIiL    Intermediate  forms  occur  also  as  a  matter  of  course. 

This  beau ti fill  regularity,  however,  presented  by  the  central  portion  of 
a  long  bone,  is  more  or  less  at  an  end  in  other  than  compact  osieoua 
tissue.  In  the  external  crust  of  tabular  bones,  the  Haversian  canals 
generally  run  in  a  direction  panUIel  with  the  surface;  in  moat  eases  alsQ 
imdiating  from  a  central  point.  In  the  short  bones  also  there  is  usually 
one  preponderating  direction  in  their  course. 

In  the  han^ls  and  septa  of  spongy  osseous  tissue,  this  system  of 
medullary  canals  is  far  loss  strongly  developed^  the  latter  frequently 
opeüiBg  into  the   cancelloua  spaces  with  funnel-shaped   enlaigeoieiitä. 


Hir*  f$t. — A  portion  of  9,  hatnmi  iti«t4eftr]M[ 
ban«  Id  tnin»v«r>e  f^tilon,  a^  extfM-paU  ^i, 
Lntrri3ü.l,  mrf*?(.'  with  thrir  resp«>etlvc  (^^nc^^ 

äim    eafiili   lurrmiJidvd    by    th«Lr   apeclAl 

«>i:|iiiiclei  wil^  thKit  maifläiLiüj:i&. 
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Smnd  Uuversiart  mntd&  m%y  ofUu  h^  s^ou  also  utiitiDg  wiÜi  tbeir  eu1(irg«d 
cod«  to  tonn  a  email  medullary  cuirity,  butw^on  which  and  ihi^  krgi;r 
kind  tnatij  intcrmedlute  forms  üxist. 

RK^bfAaKS.—Bcilde  the  Gt?rmaii  works  ou  the  »tibject,  o&mmrA  T0fm*$  article, 
•*  Chteauf  Tümtf,''  iii  th©  Vyci&pedia  of  Anat&mu  ai^A  Ph^oioffy,  «4  wtU  A«  tb« 
•xoelbnt  trvAtJsic  of  T&m/t  mid  IH  Morgo^n  m  tht*  rhil  Tmnaaci./m'  ihe  ymr  I8ß8, 

f  14L 

The  hani  hcimogäue()ua  osseous  tissue  between  these  Ilamman  oun^U 
line  a  lam  i  mi  ted  structtirej  explained  by  the  mode  of  origin  and  formation 
of  til e  msiaa  ia  sticceaaive  portions.  These  iameüm  are  unitod  in  the  uumi 
intimute  manner  with  one  another^  but  may  be  separated  in  maoeratuJ 
{Kmv>  which  htiM  borm  deprivGd  of  its  iiiineral  oonstitueüts. 

The  systüma  of  la  mi  me,  ho  we  vor,  are  of  two  classes.  In  one  of 
ih^äö  thü  hü\iiA  affect  the  whole  thickm^ss  of  the  bone,  in  the  other 
they  ar«  ai ranged  round  the  individual  Hamrsian  canals.  We  may 
deaigmUtj  tlm  iirai  ob  tjemral  or  /undatnental,  the  others  as  itpemal  or 
Hm)erJiiart  lamellea 

Ko where  can  this  be  better  seen  than  in  a  transvei^e  section  of  the 
middle  portion  of  a  hollow  bone»  swell  as  we  have  in  fig.  233.  The 
general  kmelho  are  here  distinguishable  as  a  syetera  of  concentric  layers 
traversing  the  wholo  thickness  of  the  piece :  commencing  internally  (b) 
around  the  ciuitral  medullary  canal  of  the  bone,  whose  walls  they  form 
(meduLLify  lamelltc) ;  then  usmUly  less  distinct  in  the  middle  portion  (rf), 
with  tuuuei'uus  interruptions  (iötormoAÜttte  kmeilse)i  and  on  the  other 
liand  appearinj^  in  the  most  distinct  manner  agaii*  externally  towanis  the 
periosteum  (d)  {periosteal  lamella*).  Of  course  these  strati  tic  at  ion  3  belong 
to  one  and  the  same  03'stem  of  lamelka  The  number  and  the  thickness 
of  the  individual  leavoa  is  subject  to  variation.  The  latter  amounts  to 
0 '0077-0*01 5  (.>  mm.  and  upwards.  The  special  lameUse  surround  the 
Hamrsian  canalis  in  varying  number^ from  6-18,  with  extremes  in  both 
directions  {c).  Their  thickness  ia,  on  an  avemge,  00065 -0  0 127  mm., 
and  their  arrangement  is,  as  a  rule,  more  or  less  concentriCi  the  most 
internal  of  them  constituting  the  walls  of  the  HaversiaJi  canals.  Tim 
latter  are  not  nnfrequently  situated  eccentrically  in  their  systems  of 
lamelhe.  Should  this  be  the  ciise  to  any  great  extent,  the  tatter  may  be 
incomplete  towards  one  aide,  and  it  occasionally  happens  also  that  the 
systama  of  two  Haverm'an  canals  are  enclosed  again  in  ficcondary  lamellm 
{Tmneg  and  Dg  M(trgftn),  The  strength  of  these  systems  further  round 
the  canals  is  very  variable.  Those  of  the  latter»  which  have  a  medium 
calibre^  uiually  posscHiS  the  strongest.  In  the  heavier  cytitidric^d  bones 
of  the  human  skeleton ^  the  Haocrmtin  canals  usually  lie  so  close 
together  that  their  concentric  lam  ell  fo  almost  entirely  obscure  tlm  inter- 
mediated ones ;  not  so»  however,  in  tlte  sniatler  bones  of  the  metacarpus 
and  fingtsm,  where  the  distance  between  them  remains  greater,  a;B  is  the 
eaae  genef^lly  among  otht'r  mammals. 

If  we  prepare  a  longitutltnal  section  of  the  compact  substance  of  a  long 
bone^  the  extendetl  network  of  the  Haversian  canals  will  be  seen  aur* 
roQuded  by  lines  running  parallel  with  their  contour,  and  at  the  same 
difttmice  from  one  another  as  those  concentric  ones  of  the  trans veraa 
ioctian*  Thus  the  lamella  appear  to  bo  a  system  of  tubes  of  consider- 
able length,  dispo^i^d  one  within  the  other,  and  placed,  as  a  rule,  per- 
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pendle ularly,  only  tlmt  the  horizoDtal  p^sages  of  commuDieation  are 
eaveioped  by  corregpontling  lamellsB.  The  latter  may  be  best  Been, 
though  seklom,  ia  the  horif^ntal  can&ls  occurring  in  tmnsveise  seetiooB, 
out  through  in  their  length. 

Ill  other  parta  of  the  ski4etoii  ihb  beautiful  regularity  h  lees  marked. 
Thus  we  se«^  even  in  the  epiphyses  of  the  cylindrical  bonei,  that  these 
systems  of  latuellai  are  much  le^  developed,  thai  the  medullary  canals 
are  enclosed  within  an  inconsiderable  number  of  the  latter,  while  the 
more  internal  geueral  kmellaj  are  entirely  missing.  In  sfmngy  osseous 
tiB8ue  the  laminated  texture  is  rather  more  apparent  in  thick  bands  and 
pktee,  while  it  disappears  more  and  more  as  the  latter  diminish  in  volume. 
In  the  outar  layers  of  flat  bones  the  general  lamellsej  as  well  as  the  Nttver^ 
*iun  canals  with  theirs,  run  parallel  to  the  surface^  The  same  may  be 
remarked  with  both  systems  in  the  compact  layer  covering  the  abort  bones. 
The  preat  energy  of  the  formative  process  in  young  bono  often  effects  a 
re-fiolution  of  alieatly  perfect  tissue,  commencing  in  one  of  the  Haverman 
canal-systems  (fig*  234,  a).  This  produces  irregularly-bounded  cavities  of 
varying  eize,  with  eroded  edges,  and  lamellie  appearing  as  though  gnawed 
away  at  points.  Tomes  and  De  ilfon?an,  who  first  directed  attention  to 
ihis;  have  given  to  these  the  name  of  **Haver8ian  j^a«*#." 


ng,  aa4.--TniiirvPr(i&  ftwtlon  of  a  ligmÄn  phnlinsi.  tt*,  mv^rHtm  «T^tom  of  ihr  v^iln^nT  llnd  s 
<i  ct,  twoiiLliff*  wlilcli  hftvp  imcliirirone  TT-rtbionslton  In  th«»  lnl«rfor  (i  h\  ttinv  jrlving  rlw?  In  Ha* 
fwwdq  wpactt,  whk\%  *!>  flileil  Mwv  with  lüinelliBt  c,  «nHtlit<r  kkH  «yitcm,  tn  »hivli  rt-iimir^ 
tim  tiu  Ukm  place  for  th4^  third  üm%  with  mttBcqavnt  aepoiU  of  num  baur  matter :  41  liTMuli 
«id  f+  OTKlLnu^  ihtomiCillKLe  I  Amelia;.  "•*-*•  i 

Such  a  cavity  may  be  stibsequently  filled  up  by  a  now  system  of  special 
lamellae,  ita  characteristic  outline  nevertheleiis  betraying  it^  origin  {b  b), 
IndBed,  as  I  myself  saw,  some  years  ago,  in  a  humau  phalanx,  one  of  these 
systems  occupying  an  ITaverman  */wc^5  may  undergo  n>abiorption  for  the 
second  time  fmm  the  centre,  with  a  tertiary  formation  of  concentric  lamella 
in  its  interior  (c).  IlaDerm'an  ^pacejf  of  this  kind  are  of  no  very  rare  occur* 
rence.  When  present  in  large  number,  they  may  impart  to  the  bone  non- 
siderable  irregularity  of  texture, 

§142, 

Osseous  substance,  which  may  be  numbered  among  the  double  refract^ 
ing  tissues,  as  the  polarisation  microscope  teaches,  has  a  rather  homog^ 
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ueous,  but  by  no  means  very  transpareiit  appearance :  it  is,  on  the  con* 
trary,  tolerably  dull  and  ojmque.  If  w©  employ  very  strong  magnifying 
powers,  we  remark  at  times,  with  tolerable  clearness,  a  tiiiely^dotted  ap- 
pearance in  the  mixsA.  Owing  to  this,  many  Listologists  (Todd  and  Bow- 
martt  Tojfies  and  KoeMiker)  look  npon  the  texture  ol  the  tissue  as  being 
gpantdar,  which  is  denied  by  otliers  {Henle  and.  Geriaek).  It  appears 
more  than  prolmble,  however,  that  the  transverse  sections  or  the  iinest 
of  the  canaliciüi,  though  they  do  not  entirely  produce  this  appearance^ 
do  play  some  part  in  it. 

La  tranflverse  sectioni«,  likewise,  we  may  distinguish  on  every  Haverman 
Umella,  with  more  or  less  distinctness,  an  external  and  more  deeply  shaded, 
and  an  internal  and  much  lighter  part — a  difference  the  significance  of 
which  is  doubtful. 

Attention  has  been  dife<!ted  rather  recently  to  a  peculiar  system  of  fibres 
in  the  groimd-masa  of  osseous  tissue,  namely,  to  the  perß/rating  fibrea  of 
Sharpeij  (fig.  235),  {Sharpeu,  H.  Müller,  KodUk^^  (2),  Gegmhaur).  They 
aiB  to  be  found  in  human  bone  and  that  of  other  mammals,  but  more 
frequently  still  in  that  of  amphibia  and  fisht^,  appearing  with  a  certain 
irregularity  and  variableness. 

Those  systems  of  lamelloe  which  ure  formed  by  the  periosteum,  namely, 

the  geneial  lam i net,  as  well  as 
the  more  superficial  of  the  Ba- 
v&rsian  system,  are  pierced  by 
the  fibres  in  question,  sinking 
into  them  from  the  perios- 
teum **  like  the  leaves  of  a 
bi>ok  by  a  nail  which  has  been 
driven  through  them."  They 
are  frequently  enlarged  at  one 
end  into  a  funnel  shape,  but 
may  also  be  l)ot  n  ted  or  b  ran  eh  ed  I 
Äro.  In  certam  localities  they  enter  into  the  construction  of  a  network,  some- 
times wide  and  soraetimes  narrow,  in  its  meshes.  In  the  hollow  bonea  of 
amphibia  and  mammals  (fig.  23G)  this  system  of  fibrea  consists  of  longitu* 
dinal  columas  (b  b)^  from  which  radiating  systems  of  branches  {c  c)  pass  offp 
piercing  the  lameUsc  in  the  direction  of  the  perioateum,  as  well  as  towards 
the  Haversiati  canals. 

In  the  i^ubstance  of  these  fibres,  but  especially  in  their  nodal  points,  we 
may  encounter  osseous  corpuscles.  Sliarpei/i  fibres  are  connected  with 
the  periosteum;  they  are  the  residue  of  connective-substance,  i.e.,  of 
bundles  of  connective-tissue  datiuj;^  from  the  period  of  the  formation  of 
those  lamella  The  cells  contained  in  their  cavities  have  the  significance 
of  connective-tissue  corpuscles  also  {Gegmhanr).  The  cliemical  bearing 
also  of  thc^e  mostly  calcified  ül)res  agrees  likewise  with  this  view.  In 
keeping  with  their  origin  from  the  periosteum,  they  must  lie  absent  in  the 
systems  of  leaves,  filling  up  the  Havermin  i^paee^  (fig.  234), 

The  most  important  elements  of  ogseous  tissue,  however,  are  the  cclU 
of  the  latter,  imbedded  in  it  in  the  greatest  abundance,  and  aituatcMl  in 
the  enlarged  and  radiating  nodal  points  of  a  highly-dev eloped  sijdem  of 
canalieuli  traversing  the  hard  osseous  substance. 

With  these,  therefore,  we  must  occupy  ourselves  before  passing  on  to 
anything  else. 

This  system  of  canals,  whose  Euer  branchBB  are  called  canallculi  (Kalk* 
% 


Flf;  SIS. — Sh^rp*^*  fttux'a  \b'\  of  A  i'Crfo*t«?*l  l^niella^  from 
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tMckness  from  0  0  045  to  00090  mm.  In  transverse  secUöns  thoy  usually 
lie  in  the  middle  of  the  lamellie,  at  tnntia  also  between  the  same,  with 
their  long  axis  parallel  to  the  limiting  edge  uf  the  lamella*  General  and 
ipecial  lamella  display  but  little  difference  in  thia  respect.  The  proeessca 
u of  the  lacunae,  Hue  tubules  of  0-001 4-0-001 8  mm.  in  diameter,  can  only 
the  followed  up  for  a  short  distance^  when  they  disapptiar  in  the  ground- 
Bubstance. 

But  we  gain  a  far  more  perfect  insight  into  the  arrangement  of 
these  laouofo  and  canaliculi  from  sections  of  dried  bone^  in  which  the 
former  are  tilled  with  air,  and  are  brought  out  with  great  sharpneefl, 
ippeanng  dark  or  black  with  trans  mit  ted  and  white  with  rejected 
flight,  and  constituting  now  the  moat  striking  form-ekraentö  in  micro- 
scopical inveetigation  of  the  tissue»  catching  every  eye  (figs.  232, 
233,  234,  237).  From  these  jagged  hicume  the  canaliculi  take  their 
rise  in  enormous  numbers;  travemng  the  ground-aubstance  in  an 
irregular  radiating  course,  and  with  ma  ay  mmificationsj  and  inosculat- 
ing in  great  numh<3ra  with  the  processes  of  neighbouring  lacunaj.  The 
canaliculi  likewise  of  on©  system  of  lamelhi3  may  pass  over  into  another 
adjacent  to  it. 

U  we  follow  up  these  fine  passages  in  a  transverse  section  (fig,  ^3B,  h), 
we  see  them  in  the  first  place  converging 
towards  an  Ilavcrdan  canalj  and  opening  into 
the  latter  (fc).  Again,  we  can  easily  make  out, 
in  the  internal  general  lamelli^e  bounding  the 
great  medullary  canal,  the  orifices  of  other 
canaliculi,  and  also  in  theperipheml  periosteal 
leaves  a  third  mode  of  ex.it  externally  under 
the  periosteum. 

In  longitudinal  section  (fig,  232),  we  see 
the  lacuna  surrounding  the  medullary  eanals 
und  some  of  their  processes  opening  into  the 
Flatter  in  a  more  or  less  horizontal  direction. 
Those  spots  are  sp^ially  instructive  at  which 
the  wall  of  an  Naverman  canal  is  exposed 
which  has  been  opened  Ion gi tu diually*  Here 
the  numerous  orifices  of  the  canaliculi  may  be 

lobserved,  giving  to  the  surface  a  dotted  appearance  (fig,  232,  e).    The  other 
a  also  show  the  same  relatianz^  as  those  just  described,  with  very  many 
modifications  of  course  as  to  number  and  position. 

A  glance  ot  this  so  highly  developed  system  of  lacunae  and  canahculif 
with  ili  multitude  of  free  openings^  explains  the  fact  that  a  thin  section 
of  bone  rapidly  fills  with  air  on  drying,  and  on  being  subsequently 
placed  in  oil  or  very  liquid  Canada  baüam»  that  the  air  is  again  dis- 
placed by  the  latter.  It  is  an  ohject  well  worthy  of  microscopical 
examination  this  gradual  expulsion  of  the  air  by  the  advancing  oiL  In 
microscopical  preparations  put  up  in  Canada  ba]samj  we  have  not 
ttnfrequently  an  opportunity  of  observing  both  conditions  of  the  lacunae 
^and  canalieulL  At  one  point  we  see  the  air  retained,  at  another  it  has 
■been  replaced  by  the  Canada  balsam.  The  whole  may  be  injected 
likewise  with  coloured  liquids  [Gerlach). 

The  question  as  to  whether  the  ^-all^  of  this  complicated  system  of 
canals  are  formed  of  a  substance  differing  from  the  remaining  gromid* 
tnaes;   of   whether    the  system   merely   represents   a  series   of   lacunfie 


\ 
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possessmg  no  regdar  iateruÄl  kyers,  b  one  whicli  ha*  been  froquenLLj 
dlflcuased,  but  not  yet  conclusively  answered. 

A  method  of  isolating  from  the  ground  mass  by  mman  of  alkulies  or 
concentrated  mineral  aeids,  a  sometlirag  corresponding  to  these  keun» 
and  canaiicnli,  has  been  known  for  many  years  pttit.  The  siructufes  so 
laid  bare  have  been  looke*i  upon  by  some  aa  being  a  soft  üeUular  net- 
work, by  others  as  made  up  of  the  lining  layers  just  mention^  of  the 
system  of  canals. 

And  not  alono  from  fresh  bone  do  we  succeed  in  isolating  the  reticular 
mass  in  question,  but  also  from  that  i»  which  all  the  softer  tissue  must 
have  been  destroyed  by  maceration ;  even  in  bony  raaases  which  have 
been  made  use  of  for  turning,  it  may  b^ 
separatadp  as  Neumujm  has  shown ;  80  that 
for  our  uwu  [lart  we  must  declare  ouraelves 
on  the  side  of  those  who  maintain  the  e Kist- 
en ce  of  an  independent  calcißed  wall. 

We  have  now  taken  a  survey  of  the  canali- 

aation  of  bony  tissuOi  but  have  not  yet  beeotn« 

W  acq  uainted  w  i  th  the  oeUukf  elem  ents  imbedd  ed 

^m  €  !^y  J        ^^  ^'^^  lacunse,    Hiesa  ^'  hme-esiht*  ns  they  are 

jfe  J?*?*  eaUed,  were  for  a  long  time  overlooked,  owing 

^  ^f  to  the   practice  so   much   in  vogue  amongst 

'  '  former    anatomists  of  examining   principally 

macerated  osseous  slroctures*     But  after  some 

earher  observers  had  given  it  as  their  opinion 

that  nuclei  were  to  he  seen  here  and  there  in 

the  lacunar,  general  attention  was  directed  to 

the  cells  of  osseous  tissue  by  Virdiow, 

And,  indeed,  it  if  a  matter  of  slight  dithculty  to  obtain   bodies  re- 

aembling  celts  &gni  structures  belonging  to  this  class.     For  this  purpose 

we  make  use  of  fr^h   bone  (fig,    239),  which  has  beeo  either  simply 

j^^^         macerated  in  hydrochloric  acid  or  subsequeutly  boiled  ; 

^K^k       Ol"!  batter  still,  which  has  been  lioiled  for  a  short  time 

mmjß^       i^  ^  solution  of  soda  after  having  been  previously  treateii 

«r-^r^HH       with  the  acid  just  mentioned,     in  the  now  soft  ami 

^'^''flHIH       almost  liquid  intereellubr  substance  {h}  we  see  struc* 

^^-^^^       tures  similar  in  form  to  tho  figures  of  the  pre-existiug 

lacnuee,  with  shorter  or  longer  proce^es,  definite  walls, 

aud  each  with  an  oval  or  elongated  and  more  or  lass 

sharply  defined  nudeus,  and  measuring  on  an  mven^ 

0*0074   mm.     The   most  striking  objects   are   to  be 

obtained    by   cautiously   squeezing  and    moving    the 

glasses  between  which  the  tissue  is  pkced,  when  some  of  the  cells  may 

be  freed  from  the  iuterrellular  matter  clinging  to  them  (a-d). 

These  "  isolation  products  "  wero  regarded  by  some  as  steUate  cells  with 
remarkably  resistent  onvelopes,  iu  that  the  persistence  of  cell-body 
invested  with  an  ordinary  membrane,  or  even  completely  naked,  was  oul 
of  the  question  after  boiling  in  caustic  soda. 

But  careful  observation  of  fresh  bone  will  lead  to  other  concli^iona. 
Under  cautioui  treatment^  aided  by  carmine  tinction,  we  may  recognise  in 
the  lacuTise  (lig.  240,  a)  small,  memhmnelees,  indistinctly  oval  cells  {b% 
with  small  project  I  ona,  at  times  very  shortg  which  are  directed  ti:)wiariis 
the  openings  of  the  can.diculL      They  are  posaeMed  dso  of  elongateil 


f  rwtii  the  fi^f^t*^^it  "f  the  /rmur, 

THirtioh   öl    ihe    «flencd    Inler- 

wlitme   ßüil?iu    h«B  broken    up 
into  ifnuitUcA, 
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nuclei.  How  far  this  structure  (corresponding  to  the  connective-tissue 
corpuscle)  resembles  in  this  condition  the  cell  of  the  living  tissue, 
remains  for  future  investigation, — whether  the  contractile  protoplasm 
does  not  protrude  filiform  processes  into  the  canaliculi.  In  fig.  239, 
then,  we  have  the  walls  of  the  lacunse  isolated,  together  with  the  cell- 
body. 

In  what  has  just  been  described  we  may  trace  a  very  important 
parallel  between  the  "  bone-cell "  with  its  **  wall-system,"  and  the  con- 
nective-tissue corpuscle  with  its  bounding  layer,  as  also  with  the  cell  and 
capsule  of  cartilage. 

Remarks. — 1.  Tarms  (/.  c.  p.  848)  obtained  extremely  fine  granules  on  crushing 
cmlcined  bone.  Koelliker  ^s  so  far  as  to  supiiose  the  ^und-substance  of  lione  to 
be  made  up  of  an  intimate  uitermixture  of  organic  and  inorganic  compounds  in  the 
fonn  of  ctosely-unitetl  fine  granules.  2.  '1  ne  fibres  in  question  were  discovered 
by  Sharpey  in  the  year  1856  (see  6th  ed.  of  Quain'a  ElenunU  of  Anaiomy:  edited  by 
Sharpey  and  ElliSt  Lond.).  Their  nature  and  occurrence  were  then  investigated, 
especially  among  the  higher  animals  and  human  beings,  by  ff,  Müller,  and  among  the 
lower  classes  of  Vertebrata  b^  Koelliker.  A  calculation  made  by  ffariing^  from  which 
it  appears  that  a  square  millimetre  contains  about  910,  gives  some  idea  of  the  vast 
number  of  bone-corpuscles  in  osseous  tissue. 

§  143. 

Turning  now  to  the  composition  of  bone,  we  must  bear  in  mind  that 
the  medullary  receptacles,  whose  multifarious  contents  cannot  be  removed, 
must  be  taken  with  the  proper  substance  of  the  former,  namely,  cells  and 
ground-mass. 

Fresh  bones  from  human  beings  and  the  higher  classes  of  Vertebrata 
have  a  rather  small  proportion  of  water,  especially  their  compact  tissue, 
in  which  it  amounts  to  3-7  per  cent.,  whilst  in  spongy  tissue  it  may  rise 
to  from  1^  to  30  per  cent.  (Stark).  Young  bone  is  richer  in  water  than 
the  mature  tissue. 

Dry  osseous  tissue  consists  of  about  from  30  to  45  per  cent,  and 
upwaitis  of  glutinous  material,  rendered  hard  by  a  large  amount  of  the 
so-called  bont/  earths,  a  mixture  of  inorganic  salts.  Beside  this,  there 
is  present  a  small  but  varying  amount  of  matters  not  convertible  into 
glutin,  which  may  be  set  down  as  derived  from  the  bone-cells,  the 
systems  of  walls  belonging  to  the  lacunie  and  canaliculi,  as  well  as 
from  the  contents  of  the  •  medullary  cavities  whicli  have  not  been 
removed. 

The  glue  obtained  by  boiling,  from  bone  deprived  of  its  salts  (which, 
as  has  been  mentioned,  appears  soft  and  cartilaginous  on  the  loss 
of  its  earths,  and  is  called  in  that  state  ossein  or  bone-cartilage),  is 
glutin  (p.  22),  as  is  also  the  case  with  connective  tissuo. 

The  occurrence  of  small  quantities  of  chondrin  is  of  great  interest  also, 
as  indicating  residual  traces  of  the  original  cartilage  (Müller,  Simon, 
Bibra),  Secondarily  formed  bone  springing  from  the  periosteum  is 
probably  entirely  free  from  chondrin  (see  below). 

Bony  earths  are  a  mixture  of  various  salts,  whose  bases  are  lime  and 
(in  a  subordinate  degree)  magnesia,  combined  with  phosphoric  and 
carbonic  acids,  and  a  small  amount  of  fluorin. 

Basic  phosphate  of  calcium  (p.  57)  appears  in  by  far  the  greatest  quantity, 

although  subject  to  great  variation,  according  to  age,  the  nature  of  the 

food,  and  the  part  of  the  skeleton  we  examine.     It  is.  still  a  question 

whether  this  is  the  only  combination  occurring  in  bone.     The  carbonate 
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is  füuntl  taking  a  far  more  subordinate  position,  and  tlio  aniouut  of 
fltioride  of  calcium  is  still  has.  The  admixtare,  ihudly,  of  magnesia 
appears  quit^i  inconsidemlilo  in  comparison  to  the  abundant  occurrence  of 
the  lime  salts ;  it  h  supposed  geneiiillyp  and  rigbtlv,  to  oauur  in  tlie  form 
of  ft  phosphate. 

Besides  the^e,  we  meet  with  alkaline  salt^  with  phosphoric  acid,  in 
fresh  bone ;  also  chlorine  (sulphuric  acid  1),  iron,  mangiineee,  and  »Ui<m, 
which  may  be  set  down  as  belonging  to  the  nutritive  fluid  saturaling  the 
tissue. 

By  uieana  of  calcining,  the  ofganic  ftubatmlnm  may  be  removed  from 
bone  without  destroying  its  form.  But  when  thus  treated,  the  tiiaue  loees 
all  cobeaion,  and  breaks  up  into  a  white  powdery  mass  on  being  handled. 
If  we  accei*t  it  as  a  fact  that  no  equivaleat  combination  of  pho§[)hate  of 
calcium  with  glutin  exiäts,  that  the  proportion  of  bony  earths  in  the  several 
hones  varies  conaiderably,  and  that  the  mineral  constituent«  may  Iw  ex- 
tracted from  osseous  tissue  without  the  slightest  injury  to  its  texture,  we 
must  see  that  the  combination  of  bony  earths  with  the  soculled  hone- 
cartilage  is  probably  only  mechanicaL  And  yet  tlie  granular  dt-pA^it  of 
lime^alta  in  cartilage  underRoing  cakiiication,  compared  with  the  diflfuBo 
deposit  in  true  osteogenic  tissue  from  the  very  coramencement,  ia  eomo- 
what  puiüiling* 

The  following  are  the  results  of  two  analyses,  by  Heinis,  of  the  compact 
tissue  of  a  femde  tibia : — 

FhoftpbÄte  of  calcium,  .  85  "62  85*83 

Carbonate  of  calciu ni,  ,  9  *06  9  ■  1 9 

Fluoride  of  calcium,  ,  3 '57  3 '24 

Phosphate  of  mognesiunj,  .  1  '75  ITi 

As  is  usually  admitted,  the  bony  earths  vary,  fii-st  of  all,  according  to  j 
the  portion  of  the  skeleton  in  one  and  the  same  body  subjected  to  analysis. 
Thus  Bev^  obtained  as  a  maximum  (>3riO  from   the   temporal,  and  tha  | 
smallest  amouut  from  the  scapula,  namely,  öl"51   p(*r  cent.  (2).     Bihra 
found  the  highest  iigin'es  in  tha  femur,  and  the  lowent  in  the  sternum,  tha 
numbers  being  respectively  69  and  51  per  cent.     Compact  osseous  tissue 
11  in   general  richer  in  bony  eartbe  than  the  spongy  kind,   probahly 
because  the  latter  can  be  hut  imperfectly  freed  of  the  soft  parts  endosetl  1 
in  it 

Further,  the  same  portion  of  hone  is  said  to  change  with  age  ;  for  at 
aa  early  period  it  appears  to  be  richer  in  organic  material  than  at  a 
later  Thus  Bthra  found  in  the  femur  of  a  foitus  seven  months 
old,  59 '62  per  cent  of  bony  earths  ;  in  that  of  an  infant  of  nine  months 
Ö6<43 ;  in  that  of  a  chiM  at  five  years,  (57*80;  in  a  man  of  twe^ty-fivo 
years  old,  08-97;  in  a  woman  of  sixty-two^  69  82;  and  in  another  of 
seventy-two  yeaFs  of  age,  66 '81. 

It  is  an  iuterestiDg  and  not  yet  satisfactorily  explained  fact,  that  fosaill 
'bonea  are  very  rich  in  Huoride  of  calcium.    The  latter  may  nm  as  high  aa 
10  or  even  16  per  cent,  of  the  ash  in  quantity. 

IvEMAHKa. — 1.  The  theoiy  of  the  tmnsforRmtfcm  of  chondrigim  into  CDllngen  dorinig 
1he  ]iro<:e*fl  of  cwsißcftliQn  (p.  22),  which  forriitrly  ijorapied  the  nttcntkm  of  chem*^^ 
jiail  phjftlologiflti  t<3  a  great  extent,  luut  (dmo»t  lofft  «11  worth  since  tlie  inv«;i.tig«ti 
%ii  Brudi  Aiiil  //,  Müller  on  th«  tulde^    We  aovr  know  tfaftt  autila^  is  not  metamo 
|}lio«0(l  into  tiOjie.  bat  is  dUiolvni  lo  mokiag  rogm  for  the  developmi^at  of  i 
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tissne.  'Ilie  particloit  of  chondrigenous  substance  are  probably  decomposed  and  ab- 
Mrbed,  while  new  albuminous  material  is  seiwirated  from  the  circulation  and  trans- 
formed into  collagen  j ust  as  in  connective-tissue.  2 .  Rfc^  (Lotidon  and  Edinburgh  Phil. 
Mag,  1838)  arranged  the  following  series  in  relation  to  the  matter  in  question  (but 
possibly  based  on  insufficient  research) — tem|K)ral  bone,  humerus,  femur,  radius,  ulna, 
fibula,  tibia,  ilium  clavicle,  ribs,  vertebrae,  metatarsus,  sternum,  and  scapula.  Bibra 
found,  however,  a  ditferent  sequence. 

§144. 

Owing  to  their  hardness  auil  solidity,  the  bones  are  peculiarly  well 
adapted  for  the  mechanical  construction  of  the  body,  excelling  by  a  gi'eat 
deal  cartilage  in  this  respect  They  serve  to  protect  internal  organs,  anil 
form  systems  of  levers  to  be  worked  by  the  muscles. 

By  the  deposit  of  bony  earths  the  flexible  bone  cartilage  is  rendered 
hard,  in  order  to  bear  the  weight  of  the  body  without  bending.  There 
remains  at  the  same  time,  however,  a  certain  amount  of  elasticity  and 
cohesion,  which  enables  osseous  tissues  to  withstand  very  strong  blows, 
&c.,  without  any  breach  of  continuity.  An  increase  in  the  j^roportion  of 
mineral  constituents  gradually  imparts  to  bone  a  greater  brittleness  and 
fragility.  This  may  be  very  clearly  seen  in  the  difference  between  the 
bone  of  infants  and  that  of  very  old  individuals  in  a  normal  state,  while 
in  pathological  conditions  it  may  be  more  strongly  marked. 

The  bones  take  part  also,  to  a  great  extent^  in  the  chemical  occurrences 
of  the  organism,  owing  to  the  lively  interchange  of  matter  going  on  in 
them.  And  though  this  is  as  yet  but  imperfectly  known,  both  as  to  its 
amount  and  direction,  still  most  physiological  facts  compel  us  to  regard 
it  as  by  no  means  inconsiderable,  though  subject  to  great  rise  and  fall. 
Among  these  facts  relative  to  the  energy  of  the  processes  going  on  in 
bony  tissue  may  be  mentioned  the  whole  vegetative  life  of  the  same,  the 
frequent  regeneration  of  its  substance,  the  healing  of  fmctures,  &c.  The 
well-known  experiment  of  placing  a  metal  ring  round  a  bone  in  a  young 
animal,  which  is  found  at  a  later  period  to  be  imbedded  in  the  interior, 
teaches  us  also  the  great  transformations  going  on  in  bony  tissue,  for  which, 
however,  tlie  best  proof  is  to  be  found  in  tlie  mode  of  development  of  the 
latter.  Moreover,  there  is  not  necessarily  any  destruction  of  tissue  bound  up 
with  this  interchange  of  material.  The  mjud  coming  and  going  of  matter 
may  be  also  demonstrated  chemically.  It  is  easy  to  conceive  that  where 
there  is  such  abundance  of  phosphate  of  calcium,  a  deficiency  in  the  supply 
of  this  salt  will  result  in  an  inadequate  liardening  of  the  bone  {Chossat), 
On  the  other  hand,  the  well-known  experiments  of  feeding  with  madder 
have  lost  in  recent  times  in  scientific  significance;  for  only  the  new  osseous 
tis<8ue  formed  during  the  absorption  of  the  red  colouring  matter  (Le., 
the  most  external  ground  lamellse  under  the  periosteum,  as  well  as  the 
internal  layer  of  the  medullary  canals)  become  coloured  {Lieherkiihn^ 
Koelliker), 

The  so  wondrously  complicate«!  system  of  canaliculi  and  lacunae  has 
been  looked  upon  by  some  as  a  physiological  apparatus  presiding  over 
this  energetic  interchange  of  material,  as  a  system  of  vessels  for  the  plasma, 
which  receives  with  its  minute  openings  nutritive  fluids  from  the  exuda- 
tions of  the  blood-vessels  of  the  medullary  canals  and  surfaces  of  the 
bone,  conducting  them  through  the  wliole  tissue,  so  that  every  smallest 
part  of  the  ground-substance  participates  in  the  transmission  of  nutritive 
matter,  organic  as  well  as  inorganic  {Goodsir,  Lcssing,  Virchow),  llie 
circulation,  however,  of  a  nutritive  fluid  through  this  system  of  canals,  so 
frequently  interrupted  by  the  bone-cells,  appears  questionable,  at  tlio  same 
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time  that  we  do  not  wiab  to  deny  ita  significance  in  tlie  proceiaesof  nutri- 
tioti  taking  place  in  houQ. 

Eemaho.— L  Oa  thw  experiment,  perf^fiDed  in  the  l^t  cpotury  bj  ihthiMfui, 
comp*  Fl&arma  {Anjuü.  deSdm.  Nat.,  2alne,  lofae  13,  p,  97).  2.  GoodsiriAnai^mi' 
tal  «ifui  Fidholo^ieal  MsaetKfth«*,  Eüinburgb,  1345,  p.  ti«). 

f  115, 

OsSQf^us  tissue,  as  has  been  already  mentioned,  is  not  ooe  of  Ihe  primary 
formations;  it  belongs  rather  to  those  appearing  late  in  tbe  human  bodyj 
and  iä  missing  at  a  period    in  which  tlie  Jevülopment  of  most  of  ilio  ^ 
reJiiainiag  tissti^s  h  far  advanced. 

Ita  nature  ia  consequently  quite  different  irom  that  of  cartUage,  whose . 
pbico  it  ia  destined  to  take  to  a  great  extant  For  the  rest,  tbis  tissue  ' 
developed  within  very  dillerent  spaces  of  time  in  thu  varions  localities  of^ 
the  l>ody, 

Ita  origin,  or  the  theory  of  the  proa^ss  of  omificaiinn^  is  one  of  tbe 
mo^ät  dilficiilt  chapters  of  histology,  mid  one  in  regard  to  wbich  there 
the  greatest  variety  of  opinion  at  the  present  day, 

Now,  in  that  all  the  bones  of  the  skeleton  are  moulded  tirst  in  cartilag%i 
with  the  exception  of  some  of  those  of  the  head,  and  that  this  suhiitanc® 
appears  to  tbe  unaided  eye  to  be  transformed  into  osseous  tissue,  nothing 
couM  be  more  natural  than  the  idea  that  this  actually  took  place, — ^that 
bony  masses  were  developed  by  a  transformation  of  cartilage,^a  view  which 
was  hrJd  by  microscopic  histologists  even  until  comparatively  recently^ 

But  the  investigations  of  ^larpey^  Bruch,  Baur,  and  H.  A  fuller^  eoon1 
nuidu  it  clear  that  this  older  theory  is  incorrect, — that  the  carti^ 
]agmou3  mass  may  undergo  calciftcation,  but  does  not  generally  becoma 
bony  tissue,  dissolving  rather,  and  so  making  room  for  the  advancing 
formation  of  bone  (p,  LT2).  The  latter  dways  comes  about  in  a  simple 
way.  Xew  generations  of  stellate  cells  make  their  appearance  in  a 
ground-suhstiince,  at  Arst  soft,  and  soon  becoming  diffusely  calciHed, 
representing  thus  osseous  tissue. 

BnfAKBs« — For  a  very  lon^  timt?  enilcMivaiirs  were  made  to  ehctiikt«,  by  memka  dC 
tiie  mierosoop«.  the  m&iinvr  in  i^hich  this  inetAEnorpliosis  of  the  non-vascubr  non- 
liktiitn&tod  cartilage»  iHjntAinitig  ^3nnd  celU,  oonld  t»ke  place  into  lauiirmt^Hl  bonif 
with  iU  stell  ill«?  ctlla,  and  Miwi^inlly  the  mode  of  tmnaition  of  the  luttpr  elements  of 
oartikgo  into  those  of  boae.  In  tlie  hiatory  of  thi^  bmnch  of  aoic-ncö  w^  find  tbr«)e 
different  Vtewt  a«  n^iuds  the  Itist  point«  sprii^i^itg  up  nnc  After  Another r,  nud  lAking  j 
the  field  ag^iinat  eaeh  other.  Ai^ording  to  one  of  Ihes«,  the  nncleu»  ^f  «  cvrtilaj^ 
CAvity  snreails  out  and  become«  atellatc,  forming  thus  n  bone  coq>a»ck.  From  tm 
seeond  theory  we  gather  tluit  the  whole  cartilage  ce\[  undergoes  this  tranaformatioii« 
A  thitd  Ttew,  which  appeared  for  a  time  to  rei^n  supreme^  origin  a  tod  with  Sckwam 
and  Ifenlf,  According  to  it,  the  bone-corjuiscU  in  forme<i  by  an  uneven  thi«;k«ni« 
of  the  wall  of  tho  capanle  of  the  cartilage  cell.  Indeeil^  the  appearAnci'  ^^f 
ihrunken«  true  cartilage  cells  within  tlieir  camulttit,  as  well  t%a  the  cellubir  r 

the  bone-oorpuicle  by  FtirAov,  ie«<mod  to  pre  wei^t  to  tbii  theory.  A -...»..  * 
diaooveriea  also  of  thti  nature  of  ra^hltio  bone  sopported  it  likewiiei.  But  in  th«t 
year  IB  16«  Sh^rp^  {Qnttm^s  AneUmi}0,  ßßk  ^ii.^  By  Qwum  amd  Sharpest  fiart  % 
p.  146,  Lond.,  IB 46).  and  iJiOftly  ifter  him  Koeiiiker,  declared  that  true  bone  tak«t^ 
ila  origin  in  tbe  human  being  and  vertf-bratc»  also  from  conneetive-tlisne  mbatimti 
of  a  membranous  nattife,  explaining  fimt  of  aH  the  growth  of  bone  fami  Ih^l 
periosteum,  end  neitt  that  of  a  number  of  osseous  utnic tu rea  not  previously  laid  dowal 
m  cartilngie,  the  so  called  aeeondary  formations.  Thus  it  was  that  two  mcxlea  of 
orisa  of  Oliecms  tissue  were  ituppo»ed  to  exist  by  man;« ^fir»t,  by  a  transformation  of 
mrlilige  Already  nreseut :  and  agnin,  bj  the  metamorpboAJs  of  a  substratiim  of  con- 
ncetive-tlssne,  altnough  Shaiye^f  nmtnlatned  the  latter  mode  of  origin  to  be  eKclnstvely 
that  aloo  of  the  bono&  even  previooitly  moulded  in  cartitagfu     Tile  following  ia  an 
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ouÜiTii?  qI  the  view  wlik^li  ftirmprl^  obtained  in  reg&rd  to  the  i^appos^  Qif;taniür|jhoHi4 
of  airtilüf^  : — Duiing  the  pttii::eH£  of  oallacatiou,  bony  i^artlis  are  ilepoailed  in  the  dar* 
iiUge  ;  the  cdis  of  tb^?  lalttr  cluLn^  aa-onlijig  to  the  third  tlieory  mentioned  above. 
Into  hQm  f^xirj^usdes  ;  %liile  tJieir  «ecoDdsry  ciiveLot^tes  fuse  into  t£«  iiitercelliLiiir  sub- 
atAGCe,  lormiDg  thus  the  ground-mass  of  Ih«  bone.  The  c^rigm  of  the  medulkrj 
«mri^tfss  und  cnnjü»  was  sot  down  to  a  process  of  ab«orptioa  aad  resolution  in  tha 
tittoe  nndergoing  thU  diinge.  The  foinmtion  of  the  JamdlÄ  i«niuöed  more  or  les» 
nnitxphimedt  and  tb«t  of  tho  ea*iaUctili  wm  hut  unaatisfoctonly  touched  on.  We  owo 
much  to  iJntcht  Baur^  aJid  more  than  »U«  to  iL  MüUrr  ^Zeitäclmft  fur  wiaftenach* 
Zoologie«  Vol.  %  p.  M7)i  for  having  shown  this  view  of  tlie  supjiused  tnui^oriiiation 
f^fcArtilDg«  iiito  b«»ne  to  be  en-oueoiiä«  working  on  Sharpty'x  pri^jis«& 

5  146. 

Now,  «Itliough  früm  tlie  forej^^fdng  section  we  muat  perceive  that  bon« 

ia  not  formed  bj  an  immediate  trunä- 

ibrüiatiun  of  C4irtiiagc,  nevertheles«,  iu 

oitler  to  comprehend  rightly  the  pro- 

cea»  of  ossräcation  in  portions  of  the 

ektleton   preforme^i   in   the   latter,   a 
rknowledge  of  the  texture  prevailing  in 
same  is  indispensabK     Eeferent'e 
already  been   made   (§§   106  and 

107)  to  tlie  calcificatitjn  i%ud  soft^juing, 
well   as   to   the  armngement  and 
Imatur^  of  the  ci-lU  of  c&rtibga     Th« 

vuriuoa  groupings   of    the   ktter   art* 

lepredenled  in    Hg.    241,  f/,  and   242 

(above). 

Ciirtikgi*    eUows    fttrthor,    previous 

to  the  com^leuc^*tnent  of  ossiücatiu»,      ^~ 
^blu<Mi- vessels,  which  spring  up  at  an 
fly  fieriod  of  f<i*tAl  life,  iuui  are  of 
'  ecnirse  of  importa^Tice  in   the  changes 

sihout  Ui  Lake  jdact*,     Thoy  grow  iiom 

the,   ^lerichoiidriiun   in    IxuXa   into   the 

softening  ti.s3ue._     ArouNil  then»  a  £oflt 

itnniatnre  connective- tii^ue  i^»  formed, 

und  thn^  catials  at«  produced.     This 

u  tbo  so-called  ettftilatje  tntdalhi^  whose 

cellular    con^liLuente    were     formerly 

li>okeii  upr^n  as  descendants  of  the  car- 

tila^  ctU»  («dthotigh  no  one  hud  ever 

seen    the   tmnsition}»     The    boundary 

of  the  medullary  e^inalä  in  tlie  utrtitage 

i«  al\Tftyj$tiharply  and  gmldt^nly  defined 

against  the  eel  la  of  the  hater  (tig.  241). 
Those    broad  irregnlur  ve^äsele  just 

inentianeil  inquire  fuKhi^rexamin.itionf 

both  as  regards   their  course  and  the 

structure  iif  ibcir  walls. 

Jn  the  condition  ju^it  describeil,  car- 
tilage is  prepared  for  calci ticat ion  and 

the  formation  of  bone»  elosely  follow» 

irig  on  it     The  latter  commences,  as 

k  wail  known,  at  cert^iin  dehnita  spots,  th6  pöinU  nf  ogmfication^  or 


/ 


F.K  i*4L— Verticil  I  icctlon  frtwa  tha  rii^jf?  «T 
tlic  rtwlf  j-nijE  ^^rtlaii  of  the  dluphj*!»  of  m 
MKHnEftmw,  f  lom  A  fffitjiJ  cMlf  ^  iMi^;;  Altft- 
itiil  **r,  11,  eT<iUüd-inAV  of  ttio  cnTtn*(;e* 
/j,  iif  Ute  lioiiot  c  ntwHjMnfTOfd  bubc^it^ili 
in  prftfltp,  more  nr  ie»a  nnbvi'Sdfd  in  Inii  t- 

pttKifiaäf  runnmili'ii  witb  TfVftLBiiMl  mfiUil- 
lufy  «imt  #,  /,  tione  eelli  nil  ihtlT  broiid 
itspocrt  1?,  CAttliaKe  mi^uUi  urmnicvfl  In 


1 


(more  corroctly  speaking)  of  cdcifieaiion  in  ilm  ca«e,     Sc^veml  of  these 

[>oiuts,  or  bfififf  m/clei  ai  ttiej  have  also  been  »amed,  may  occur  in 
one  Ixjue,  without,  howcvc^r,  necessarily  springing  up  siiuultaDt'*>usly.  In 
tubular  bonea  tho  piint  af  ossification  of  the  diapbysis  is  mostly  bi  I  anted 
in  the  interior  of  Ute  middb ;  and  in  double,  fiat,  and  short  bone^  iu  tho 
centre.  Singlt?  Iwnüs  have  tw«  or  more  such  bony  nuclei.  From  tho 
circumference  of  the  Litter  the  process  of  ossilication  now  advances  by 

degrees  farther  and  far- 
ther into  llie  cartila^ 
The  lattar^  therefore,  di«- 
plays  a  diiTerenc©  of  lex* 
ture  according  to  lU 
proxinaly  to  tho  bon© 
uncleui^. 

In  the  exuminatioa  &i 
such  [Hirlions  of  cartLiaj4e 
from  the  ncii^JibotirbocMl 
of  *>ne  of  the  hiix*it^  much 
difficulty  WüÄ  furai«*rly 
experienced  owing  to  an 
opacity  very  difficult  to 
be  overcome  due  to  the 
gianulea  of  lime.  Thi* 
it  i&  which  haa  r<ewdf»r*'d 
it  so  ditficüh  to  acquire 
a  correct  knowledge  ol 
ostt^ogeneÄiR,  We  hikv*', 
however,  rather  recenüy 
learned  fn>m  //.  Müikr 
i\  mode  of  overcoming  thia 
obitucle  by  the  employ^ 
ment  of  clipjinie  iicid,  in 
which  the  prejmnitionfi 
are  placed* 

The  3epo&ition  of  the 
calcium  salts,  fiirüicr,  dis- 
play« m  lie  h  V  arit^ty,  J  n 
those  places  where  tlit* 
cartilage  C4.*lls  lie  elo««  to- 
gether» in  pmall  groujio 
iT^iijgly  (fig,  257>,  tiiey 
ftrc  mum  completely 
eueluH^^l  in  the  Hiue 
gmnnle?*  than  when  ar- 
ranged in  nowa  aa  in 
%,     230,    where    »nml! 


v.rti,--i .,  rri.Mw  mftfT  Muif^    **  —  -^i':!  ETC,  with 

C'"  ■  ,inr  Bpaet^is 

»I' 
lU 

«.I 

CdtltAlübf  •  lardttllfti^    .,,..    ,..,,.    ,  ...,„p.L..^,-.,    r^,.'.,>.iii^    »nil 


bridgt^a  of  the  ground-subaiance  often  remain  aofL 


The  calciHed  cartilage  tommfncea  now  to  undergo  n  mpid  procesa  of 
lii|Utftctioa,  beginning  around  tli«  paaaages  containing  vessel»  by  which 
tt  1»  now  traTened  This  gives  ri»e  to  the  fonuation  of  tuim^^n« 
meduihiry  spaces.    A»  a  mailer  of  counre,  the  so  much  loOer  capaialec  «n 
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the  first  to  fall  a  prey  to  this  re-solution.  It*  wo  still  keep  to  the 
diaphysis  of  the  cylindrical  bones,  we  see  the  walls  of  the  capsules  of  one 
row,  as  well  as  the  small  amount  of  intercellular  matter  between  them, 
becoming  dissolved,  by  which  long  narrow  cavities  with  wavy  contour 
are  produced  (fig.  241,  d).  Then  again,  owing  to  the  fact  that  other 
neighbouring  parts  of  the  ground-mass  of  the  cartilage  become  a  prey  to 
advancing  liquifaction,  numerous  communications  are  formed  between 
adjacent  sinuses  (rf,  above).  If  we  now  turn  to  an  epiphysis  (fig.  242) 
or  a  short  bone,  we  are  struck  by  the  fact  that  the  re-solution  takes 
place  irregularly  in  all  directions,  starting  from  the  bone  already  formed. 
The  consequence  of  this  is,  that  the  medullary  sinuses  form  a  system  of 
irregular  tortuous  cavities,  the  tracing  of  which  is  a  matter  of  difficulty. 
and  whose  arms  not  unfrequently  simulate  closed  medullary  spaces,  when 
the  entrance  has  come  away  in  making  the  preparation  (fig.  242,  a  [to  the 
right  and  above],  b.) 

The  contents  of  the  cavities  formed  in  this  manner  are  of  great  import- 
ance, supplying  the  substratum  for  future  processes,  or,  as  we  might  express 
it  generally,  constituting  the  foetal  medulla. 

The  latter  (tig.  244),  a  soft  reddish  substance,  shows  moderately  small 
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FlfT.  S43. — ^TiftnTriM!  Boction  from  the  upper  portion  of 
tho  feinnr  of  a  human  embryo  of  eleven  weeks  old. 
a,  rcaidue  of  cartilage ;  6,  coating  of  osseous  tissue. 


Fig.  244— Medullary  cells  of  cartilage,  a, 
from  the  humerus  of  a  human  foetus  of 
(\ve  months  old ;  6,  fnm  the  same  bone 
of  an  Infant;  c,  fusiform  cells;  d,  for- 
mation of  the  fat  cells  of  the  nedulla; 
e,  a  cell  tilled  with  fat  globules. 


roundish  cells,  measuring  0*0129-0'0257  mm.  (a),  of  a  very  primitive  ap- 
pearance, reminding  one  of  embryonic  elements  or  lymphoid  cells.  They 
possess  more  or  less  granular  contents  and  a  single  or  double  nucleus. 
These  are  held  by  some  to  be  either  immediate  or  more  remote  descend- 
ants of  the  cartilage  cells,  which  have  found  their  way  into  the  cavities, 
commencing  with  the  absorption  of  the  capsules,  there  undergoing 
segmentation,  and  thus  producing  new  generations.  However,  though 
we  do  not  wish  to  deny  the  possibility  of  such  an  origin,  the  greater  part 
of  these  (perhaps  contractile)  cells  of  the  cartilage  medulla  bus  certainly 
another  source.  They  are  young  formative-cells,  entering  the  cartilage 
cavities  with  the  advancing  blood-vessels  of  the  internal  layers  of  the 
perichondrium  and  periosteum  (Geffenfxiur,  Freu,  Rollettj  Stleda).  They 
may  be  regarded  as  emijirated  lymphoid  cells  of  the  blood. 

The  further  destiny  of  these  cells  is  very  various.  Some  of  them  become 
fusiform  (c  c),  and  form  very  early  scattered  connective-tissue  fibres,  which 
traverse  the  tissue,  which  probably  coiitjiins  mucin.  Other  cells  preserve 
the  old  lymphoid  form.     In  the  red  medulla  the  latter  are  to  be  seen  the 
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whole  life  tlirougli.  Otheis  again,  it  u  euppoeed,  become  filleJ  with 
neutral  fati  after  increasing  in  size,  thus  constituting  the  fat-celb  of  the 
yellow  medulla  eventually  (e).  Thia  kflt  view%  hi>weveT,  re<iuire3  con- 
hrmatiott* 

But  other  of  these  cells  have  a  higher  destiny  :  they  becoiue  the  gmx^ 
rat&r^  of  the  ossisous  iimm,  IL  Müller  BUpposed  this  to  take  place  iinme- 
iiiately,  the  roundish  lymphoid  i^ell  becoming  transforme^l  into  a  bone- 
oell :  but  Gefjenininr  recognised  rtn  intermediate  form,  a  modifiuation  of 
themeduXlary  cell,  to  which  be  pwe  the  name  ** osteoblast*'  (hgs,  245,  246), 
There  is  but  little  difficulty  in  recognising  that  the  irregnkr  medullary 
Civitlea  are  lined  by  these  oella  in  a  manner  siimilar  to  the  arranjtrement  of 

epithelium  itig.  245,  e). 
Cn^w^ded  ti  »gather (hf?*  246, 
ft,  0),  round,  polygonal,  or 
more  or  less  cylindrical  in 
form,  with  single  or  mul- 
tiple nucleus,  and  consider* 
able  variation  as  to  size, 
these  osteoblasts  secrete 
externally  a  thin  layer  of 
a  homogeneous  opalescent 
matter,  which  covers  tho 
internal  surface  of  the  un- 
dulating walls  of  the  cavity 
(fig*  245»  rf ),  or  a  part  of 
their  mem  brand  ess  biidy 
may  be  continuous  with 
this  substance^  Both  these 
viewi  have  found  defend- 
L^VK  For  the  la^t  Waldet/er 
has  entered  the  lists,  iol* 
I  o  w  ed  by  Rdlett  and  Stißda; 
and  for  the  first,  Gegeftboar^ 
ImjuIois^  KiieUiker.  We 
must  declare  ourselves  in^ 
elineii  to  look  on  Getjen- 
itau/s  interpretation  of  th« 
appearances  presentetl  aa 
the  more  correet,  although 
we  do  not  regard  the  difierence  of  views  vm  an>^hing  essential. 

But  this  layer  of  osteoblasts  supplies  not  only  the  material  for  the 
ground-substance  of  the  osseous  tissue,  but  the  cdb  of  the  latter  like- 
wise, A*lvancing  from  the  ranks  of  the^e  osteoblasts,  eitlu.*r  single  and 
entire  cells  or  parts  of  the  same  sink  themselves  into  the  newly  fonned 
lamella  (tig.  245^  g,  /,  fig.  246,  c)^  wehere  ibey  may  he  recognised  in  every 
stage  of  grfjwth  up  tti  the  stellate  form*  on  assuming  which  they  are  nut 
unlrequt-ntly  connected  by  means  of  their  processes  with  conüguous  eella^ 
They  are,  however^  larger  and  poorer  in  ramifying  processes  than  the 
strnctURjfi  of  a  later  period. 

These  processes  aru  reptmted  over  and  over  again.  On  the  corapletton 
of  the  hist  bomogeiitH:)us  lamella  with  its  contained  cells,  there  follows 
the  tWrumtion  of  a  second  with  new  celk,  and  so  on,  atul  the  stnitum 
Ix^aomes  Ihicker  aiitd  thicker,  assuming  a  laminated  ap].>ea ranee  in  ccma^ 


KlJt.  ft^ — Tmfii9V(;rBe  ««ctloti  from  the  fftunni  of  a  hiimiiiA 
cmtiryn  ol  kboiit  c|«;v«d  wceki  old,  a^  m.  medullary  Hinii» 
rut  triirtt«'cTw1y,  hd^]  ^ftnrrthirr  Li>i]ii;itadinaILy;  e,  ««tcKrbliifitBi 
ii.  ntvfiy -tnrmvA  osacoiu  lubetAnct  of  A  Uj;lit«T  colour ;  ¥,  itiitt 
f^(  «Ti'fltrr  kgf;  /.  lACunie  with  Ihttr  ctUMi  sr»  «.  evil  »till 
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qtieuce  of  iU  deposition  in  sitceegaive  portions,     Tki«  is  tlie  beginning  rf 
tbe  laminated  formation  of  bony  tissue. 

We  Are  attll  in  uncertainty  us  to  the  mode  of  fonnation  of  the  canali- 
culi  during  tbese  procusses. 

The  chafucteriatic  peculiarity 
of  osseous  substance  soon  makes 
its  appearance  now,— ^namely, 
its  CAlciUcation ;  not  in  grannlca 
moreover,  but  by  a  more  dif- 
fuaed  deposit  of  bone  eartlis, 
communieatin^  to  the  whole  to 
a  certain  extent  a  iranslncent 
appearance.  The  orj^anic  auli- 
stKitum  of  these  layers  is  pifv 
bably  fnun  the  very  commenee- 
ment  collagenous  matter. 

Naturally  enough,  the  irregu- 
lar form  of  the  medullary  sinuses, 
and  euntinuöQö  re-solution  of 
the  itill  I'tinaining  portions  of 
cartilage,  give  rise  t^  very  tUf- 
ferent  jippi^aranties  In  tht  osseons  tissue  first  formed,  as  we  may  sec  in 
tig,  241,  or  more  strongly  marked  still  in  fig.  242, 

A  transverse  seation,  also,  through  the  middle  portion  of  the  femur» 
discloses  the  &anie  irregular  struts- 


Fiu.   a^Ä.— Or-Jpoblftnta   frnm   the    :  -f 
huinr(«Ti  «nilirjfü rhlTtfi'n  wetk»  ■  . 

pUBClci, 


^    nr    (if    It 

\  iMyrn 
III  uune  *?ur- 


^%M 


tare,  the  bone  consisting  principally 
of  longitudinal  icpta  connected  by 
meana  of  transvei^ae  bridges  (fig, 
243). 

Here,  tben^  we  have  a  contrast 
to  the  regular  texture  of  completed 
bone, 

111  ose  points  are^  of  special  in- 
terent,  as  explaining  the  fonner 
error  of  supp^iaing  a  direct  transi- 
tion of  cartilage  cell«?  intn  botie 
corpuscles,  where  the  rupttiieil 
cavity  of  a  caitilage  cell  has  been 
made  use  of  as  a  receptacle  for  tlie 
deposit  of  one  or  more  bone  cor- 
puscles with  the  accompanying 
ground-6ul>stance.  Here  fuve,  two, 
or  three  of  the  btter  elements  may 
appear  to  be  contained  in  tlie  in- 
terior of  a  closed  capsule^  owing 
to  the  ease  with  which  the  o|>en- 
log  of  the  latter  may  bo  over- 
looked (tig.  243,  hj;  '%  24t,  e.) 

But  sometimes  almost  alt  the 
septa  of  a  preparation  of  osseous  liasne  have  this  same  extraordinary 
appearance,  eo  difficult  of  ilescriptioir,  which  may  be  better  understood 
by  a  glance  at  fig.  242  (t/>  the  left,  l>elow). 

By  the  gradual  liijaifactiou  of  t!i<*  remnining  portions  of  cartilagitiout 


Fi(c.  '47» — SectlriTi  itl  the  fTfint^J  protubeniiiic«  *^l 
the  rmlf  (»aer  afffvuMur).  a.  hytllne.  Mid  A»  calet- 
tied  cunllmri^^  ^^  bvii«  corpnacltt^ 
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iiuljsLatice,  and  tlie  con^equeut  acqubitiOE  of  new  «paüea  iW  tlje  growing 
1>ony  tissue^  which  kya  down  additional  layei^  of  pi-ogr&äsively  increas- 
ing^ thickness,  at  tlie  ganiG  time  that  the  canalicuU  are  being  more  and 
tnore  dex'ehipedj  the  new  osseous  aubürtance  takes  the  place  of  the  pre- 
itxi^ting  earti-htge  very  extenatvely*  That  a  residue  of  the  oriiririiJ  calci- 
fied tissue  may  rn^rsist  in  thrj  inten<{r  of  f ally-matured  bone  appears 
certain,  although  at  present  we  know  bo  thing  definite  as  to  the  extent 
to  which  it  may  do  so  (Tomes  and  de  Mi/njan,  Muthr), 

That  a  rajJid  and  extensive  re-absorption  takes  place  in  the  formed  bone 
will  be  seen  later  on.  But  apart  from  this  rc-aolation  of  calcitiod  osteoid 
ti^ue  on  a  lai^e  scale,  there  ii  beaitka  another  hidden  process  in  o^aous 
tissue,  by  wbich  older  portions  of  the  latter  are  dissolved,  and  new  maases 
laid  down  in  th^dr  place.  This  is  lirat  of  all  borne  witness  to  by  the 
nature  of  the  medullary  cells  in  old  spongy  bone,  as  compared  to  those  of 
the  same  parts  in  younger  individiuils.  And  that  tliere  is  an  incessant 
disappearance  of  material  of  tlie  same  kiiid  at  a  late  (»eriud  hiis  been 
seen  when  discussing  at  ^  141,  %,  234,  the  formjition  of  the  Ilftt'erniait 
spaces,  and  their  being  redined  subsequently  by  new  lamella  of  bony  aub- 
stanoe. 

A  direct  transformation,  however,  of  cartilage  iuto  osseous  tissue  do 
likewise  occur,  though  a^  a  rare  exception.  In  such  cases  we  remark 
certain  jagged  cartilage  lacunas  in  the  calcified  tissue  (fig,  247,  ?/),  which 
have  arif^en  from  a  peculiar  mode  of  thickening  of  layers  on  the  internal 
surface  of  tlie  capsules.  Later  on  the  granular  calcification  beconii'i» 
diffuse  (c>,  the  jagged  processes  of  adjacent  cells  unite  to  i'ovm  passage,^; 
in  short,  bone  corpuscles  and  canalieuli  (c)  are  produced»  In  these  the 
C^Ufl  lie  in  twos  or  threes.  The  frontal  protuberance  of  calvt^s  and 
tracheal  rings  of  birds  afford  the  best  examples  of  transformations  of  thii 
kind  {Qegenbanr).  In  rachitic  bone,  also,  as  has  long  been  known, 
isolated  spots  of  this  kind  are  to  be  found  with  the  s^ime  transitions 
going  on  in  them.  In  the  antlers  of  deer  undergoing  ossificatii>n  siiniiar 
changes  probably  take  place  to  a  in  ore  marked  ex  ten  L 

§  148, 

There  still  remains  for  our  consideration  the  formation  of 
titsue  in  parU  of  the  body  whei:Tj  cartilage  is  not  previously  laid  down, 
to  be  again  dii^olved  in  order  to  make  way  for  the  former.  Under  this 
head  we  shall  have  to  discuss,  fimt,  the  origin  of  hQU^ßrom  ihß periodeum^ 
and  again  tike  ossifleation  of  the  so^allod  mcomdary  honm. 

The  first  of  these,  %  process  very  esftenoively  met  witlv  and  in  it« 
beginnings  frequently  preceding  the  osj^ificatäoa  which  takes  place  in 
Cäftllage,  is  the  Mturce  of  the  increase  in  thickne^  of  bones, 

Holiling  still  to  ttie  example  of  the  cylindrical  boneß,  we  know  by  ex- 
perience that  tho  latter  increase  with  tlje  growth  of  the  body,  not  only 
in  length,  but  also  eonsiden^bly  in  thickness.  The  increa^  in  lengUi, 
we  may  lie  re  mention,  is  a  continuation  of  the  process  treated  of  in  the 
foregoing  isection :  it  takes  place,  namely,  at  the  expense  of  tbe  epiphyaii 
and  articular  cartilages,  whose  deeper  |iortLons  liecGme  calcified  and  tht< 
dissolved  trt  make  Riom  for  the  advance  of  osseous  sulistance.  Inuring 
this  time  the  cnrtibge  also  grows  upwanls  by  division  of  its  cells  und 
ace  um  ul  at  ton  of  its  ground  substance.  The  increase  in  thickness  take:« 
place  in  the  f*dIowing  way  ; — New  laj^ers  of  bone  are  formed  undar  thts. . 
clothing  p^^nonil^cui  which  envelope  the  mass  within  in  a  ieries  of  taberitif 
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It  is  hardly  noceäsarj  to  add  llmt  isadi  uowly  funned  ring  must  be 
krt*er  tban  the  older  on©  formed  Wforo  iU  And  the  i^'rowiii)^  hnue  nlm 
becoming  ien^Lh*}ned,  each  of  the^o  osstous  tube»  is  likewjsi?  longer  Uiaii 
the  piect?dii>^, 

TJie  iiiijKirtaixee  of  th@  periostoitm  in  tlii^  fonimltori  of  hone  has  been 
further  pruvod  by  OUiet'  through  a  sönes  of  j«umrkabk*  exj>t"rimetilj«» 
Dt*tachod  jMirtions  of  tbia  Hiembtimc,  whetlii'r  stÜl  in  eunnticüoii  with 
thö  r»imainder  of  the  structure  or  cvujpJett^ly  Ätparaled  from  it^  have  the 
power  of  genera  til ij;j  a^am  a  troijjplete  h^:>^e;  and  not  oidj  iji  this  caM«, 
hut  «veil  when  tnmspLiTiled  to  uther  \mrt^  of  ilie  body,  or  from  oim 
autmal  to  a  Kurond  of  the  samo  fipecies.  Ihit  the  deeper  lay  or  of  the 
|j*?rio!*t<iuni  intist  he  carefally  jirt^sorvod  in  doing  Ihia, — a  iireeaulioii  ^hicb 
IV t*  will  presently  understand» 

li  we  mnv  tnrn  to  the  Jnstology  of  the  proce«i  (fig.  248),  we  mußt  ürst  recaU 
to  mind  the  ötrueture  of  the 
Ührou.s  pumattnini  (p*  226), 
which  m  mori*  vaaculur  at  an 
early  jMiriod  thnii  kter  on. 
The  latter  eont*iiita  internally 
{Blitathm  fiomi^rio^tah  of 
Oilier)  of  a  insist  «f  young 
connetrtive  tisiiio,  not  ilbroua, 
hut  farmed  uf  ftmiform  and 
steliatö  cells  {h}.  Under  this 
Appears  the  ^tnitnui  of  Qcffen^ 
imur«  ostüfvbiitsta  (<?),  wlücb 
(senenif-e  the  oaseoua  tie^no 
her«%  as  in  tbt^  interior  of  cjil- 
cih*?il  cartilage,  «nd  in  tho 
Barae  mannen  J3oth  pro- 
ceitAeA,  the  intraeartilaginous 
0«  weil  as  the  periosteal»  uro 
therefore  identical  The 
uewly- formed  tw^ne  (tig.  248, 
e)  iß  irregulaTi  and  jagged 
toward»  the  ßtill  soft  external 
layers  and  is  traversed  in 
the  interior  by  einusest  giving 
it  a  upongy  texture,  Theae 
are  iüli«i  witfi  medullary 
cells,  and  covering  the  latter 
with  oeittHjhlastÄ»  and  become 
eveuluidly  IlrtVf'rmtn  canala. 
'iliuii  the  imteoblastß»  as  in 
thn  intniearlilayinouß  fonnation  of  bone,  give  rise  also  to  the  prwlnction 
of  the  spiHünl  lamellie  of  the  Hfinrnifm  [msm^  (n).  Itimdles  of  con  nee 
tive-ti.'4Süe  which  pi^netrate  this  tww  layer  of  hone  oßsify  immediately, 
and  AtVi  kn<jvin  later  a»  Sfturftejis  tibres  (§  142). 

During  ad  this,  liowever,  the  secondary  formation  of  tjie  great  niednl 
Ury  cavil y  inirmlnces  new  changes  into  the  young  os^tms  tissue.  When 
we  remcmher  tlu!  krge  dimensions  of  the  former,  it  h  easy  to  conceive  the 
gtmt  quantity  of  the  latter  which  must  undergo  re-solution  in  ita  produc- 
tionu 


Fl#r.  MS^^FarmaUon  of  Mconrtmy  t>"t*eL  l^mseiiiidlitBl 
Bectloti  Qt  the  faimr  nf  «  wull-frewn  ftnttki  ihaep,  t^ 
llifl  inicniAl  lAytt  of  iiie  i^erUiiiruin,  citrmLFiOrie  of  <^tri- 

tu«  pcriOflteuni ;   c,  Iftyt^rof  o*t*^ti3»ffti;  <*,  iU'Wly-Jurmed 
uaHotki  iIhuc;  t^  kenn»  and  uelli. 
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If  we  remember,  also,  that  the  cavity  in  question  of  a  Mly  ^rown 
bone  occupies  more  space  than  is  taken  up  bj  the  entire  bone  at  an 
«•arliar  period  of  life,  we  see  that  the  whole  of  the  primitive  osseous 
tissue  must  have  fallen  a  prey  again  to  absorption,  and  the  mature  hone 
consist  of  osseous  stihslance  formed  only  from  the  jwriosteum.  The 
layers  supplied  by  the  latter  urn  the  general  lamellse,  iis  is  easy  of  com- 
prehension^ and  as  may  be  seen  in  every  section  (fig.  233).  Uf  course, 
from  what  has  just  been  stated,  it  .will  he  remarked  that  the  oldest  of 
tht^m  that  ai'e  present  become  eventually  luedullaty  lamellie,  bounding 
the  great  medullary  cavity* 

In  regard  to  the  delarls  of  this  process  of  re-solution,  to  wliii^h  wo 
liave  been  ohltged  to  allude  so  frequently,  but  little  was  known  until  very 
lately.  From  Kodlikerii  very  extensive  investigations,  it  would  appear 
that  modified  mtiUinuLdear  cells  spring  from  Gegefthtntr*s  osteoblast?, 
attaining  eonaitlemble  t3imensioiis  in  some  eases :  these  are  elosely  applit*d 
to  the  undulating  eroded  borders  of  the  *'  lacnn«  of  Howahip*''  of  the 
dissolving  bony  tissue 

These  muUinuclear  **  giant  cells'*  (tliscovered,  to  Ijg  «tire,  years  ago) 
have  l>een  named  ^'ostokkst '*  by  Kodlik^.r^  who  ascribes  to  them  a 
power  of  dissolving  the  bone,  I  have  not  the  fain  tost  belief  in  tijeir 
possessing  this  latter  property. 

It  is  improbable  that^  at  the  same  time  that  this  takes  pLice,  the  bone- 
eorpuscles  formerly  eniilofled  in  ground-substance  are  set  free,  and,  becom- 
ing medullary  cells  by  retrograde  metamorphosis  provide  for  the  necessary 
im^rease  in  the  bulk  of  the  niarrow. 

In  «iboTt  and  flat  hones,  on  the  other  hand,  a  certain  amount  of  the 
original  bony  tissue,  Sf^metimes  greater,  siunetimes  less,  remainsj^ — ofthat, 
tiamely,  which  was  formed  at  the  expense  of  the  cartilage. 

Bemahils. — The  investigations  of  L.  Otlitr  are  to  be  found  iii  thß  Jmim.  de  ia 
lA^^iotoffief  T^me  ii.  p.  1,  170,  46^,  and  T.  in,  p.  &8*  ns  well  na  in  the  G&^eMe  mSdi- 
eßk,  JSäft,  Nr,  87,  and  1S60,  Nr.  12.  A  r^itiinl  of  these  workv  with  new  eipvd- 
menti,  appars  in  a  new  t wo- vol  um  e  work  of  Uie  «ime  »athor,  Ttoiii  e^peHmHikd  H 

§  149. 

We  now  come  to  the  origin  of  ^wnduTff  bonea,  or,  better  expressed, 
of  those  not  previoushj  moukhd  in  cftrtihtfjf..  lo  these  belong,  as  is 
usually  received,  the  Hat  cranial  hoiieii,  with  the  exception  of  tb©  under 
,  part  of  the  c^ccipitab  which  u  mcMldled  lirst  in  cartilage ;  further,  the 
upper  and  lower  jaw^  thu  nar>a!,  lachrymab  and  palate  bones,  the  vomer, 
EVgoma,  and,  lirtuUy,  iho  inner  leaf  of  the  wingis  of  the  sphenoid  and 
C'frnua  sphfuoidulia  (KoelUkcr).  These  spring  up  outside  of  the  primor- 
dial skull  from  drcamscribed  spot?,  which  ^pre^id  out  subaequently» 
gaining  rapidly  in  snperlicLat  extent  Here  we  tirst  meet  with  a  (true) 
osseous  nucleus,  which  grows  out  in  all  directions,  Ibrming  a  network  of 
l»ony  hatids  and  needles  (Kaikhalkdien  and  KalknadeinX  which  ar«  lust 
in  the  a^ljacent  soft  tiflmte.  It  ia  easy  to  recognise  here,  also,  the  sind* 
birity  of  the  osieogenetic  procwis  to  that  in  other  parts  of  the  system,  and 
to  see  that  these  bonv  bands  are  covered  by  a  laver  of  osteoblast« 
(fig.  246), 

Much  diflBrence  of  opinion  still  prevails  as  to  the  nature  of  this  original 
tiseue,  as  also  of  that  of  the  correaponding  «ahperiosteal  stratum  ;  one 
party  reganiing  it  as  an  undeveloped  con  nee  tive^  tissue  subsUuice,  and  not 
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cartilage  (KtHlikur),  and  ariotlier  as  a  kind  of  fibro-cttrlilage  (Undteri). 
The  latter  yievv  u  decidedly  incorrect :  we  liavü  before  ws  most  unmb 
tftkably  a  young  and  undeveloped  connective -tiastie,  with  fusilonn  and 
atallate  Dells. 

The  diffuse  cülcüieation  now  advances*  superfidally,  as  has  jtlst  hi^en 
retoarkeiL»  aüCüm[>unied  by  a  border  of  osteogenic  tissue,  so  fcliat  the  full 
si^  and  ukimat«  form  of  duch  a  secondary  bone  b  only  attained  gmtlually^ 
in  contradi^titiotion  to  the  cartikgiiious  preformations  of  tho  first  kitiil 

lo  order  now  that  the  bone  may  increase  in  tbickne^,  a  deposit  i4' 
osaeous  substance  takes  place  from  the  periosteum  on  both  stirface.%  ^nd 
so  the  compact  external  layei"S  are  formed,  which  pre^nt  at  iiret  ail  tlio 
porous  characters  of  newly- form e<l  periosteal  bony  tissue.  The  deposit 
of  osteogenic  matter  from  the  medullary  »paces  resembles  the  process  as  it 
occurs  in  houcs  previously  moilelled  in  cartilage. 

These  observations  tend  lo  show  what  energy  exists  in  the  growth  of 
gaseous  tissue,  ai\  energy  in  which  may  be  maiiifeatt^l  afreüb  in  fully 
developed  bone,  especially  under  abnormal  conditions. 

But  thougfi  these  processes,  as  we  see  them  in  the  development  of 
cylindric^il  bonfis,  arc  so  far  clear,  we  must  ni>t  think  that  a  solution 
internally  and  a  deposit  externally  alone  takes  place  i  there  is  some- 
thing mor<.\  namely,  an  interstitial  and  expansive  growth  (**  a  growth 
by  iiitussuaception "),  such  as  is  to  be  observed  in  almost  all  tisaueB 
(IL  Vvlkmatin), 

But  highly  developed  connective- tissue  may  also,  under  certain  circmu- 
stances,  be  transformed  directly  into  bony  substance.  The  flat  cranial  bones 
of  embryonic  birds  (Mg.  249)  present  to  us  most  unmiätakably,  acconling 
lo  (fctjcuhftur^  a  process  of  this  kind.  Here  a  network  of  eonnective-t issue 
bundles  is  seen  (c),  in  part  still  soft  and  fibtillated  and  in  part  granularly 
calcified  (d).  Lat«r  on  thec$e  bands  of  hardened  tissue  hecomo  broader, 
are  nf>w  dili'usely  calcified ,  while  the  cells  enclosed  in  them  remind  one 
of  bone- corpuscles.  A  layer  of  osteoblasts  (fi,  e)  is  also  demonstrable  here, 
which  dejiosits  that  atmtuni  of  bone  clothing  the  connective-tisiue  frame- 
work*  That  wo  have  lo  do  here  Avith  an  iK^currence  w*hich,  taken  gem^ 
rally,  has  been  already  dbcusaed  in  reförring  to  the  fomiattoa  of  SharjHLt/*4 
fibres,  is  quite  apparent, 

llic  conversion  of  tendons  into  oeaeous  tisaue  is  M'ell  known  to  take 
place  largely  as  a  physiological  occiirrenco  in  n»at«ro  birds.  Her«  we 
encounter,  at  tiriit,  a  simple  calcißcution  of  the  counective-tis.'me,  so  that« 
on  depriving  the  jmrt  of  its  bony  earth,  the  t*.!ndinous  texture  is  again 
presented  to  ua  unchanged*  Later  on,  howt-ver,  true  osseous  siibfttjince 
tnak^s  ita  appearance,  with  a  small  luimhtfr  of  lacunar,  lamelhu,  and 
Hfsmrman  canals.  It  was  formerly  supjroi'ed  that  here  a  direct  transfor* 
mation  toc^k  place  from  tendinous  into  osseous  tissue  {Uclicrkühn),  but 
this  is  an  error.  There  ap[jear^  rather,  in  the  calcihed  tendon,  spaces 
c<>ntaining  vessels  whic^li  correspond  to  llie  medullary  sinuses  of  cartilaji^e, 
and  are  filled  %Titb  a  soft  mass.  From  these  cavities  the  deposit  of  a  solid 
substance  takes  place,  which  becomes  calcitietl  at  once,  '*  resembling  true 
bone  more  or  less  ^'  (H,  Müller).  Kcmnanta  of  calcified  connective^tlssuid 
are  left^  however,  in  these  osisified  tendons, 

Kegeneration  of  osseous  tiasue  occurs  pathologically,  with  great  fre- 
quency, on  the  fraeturo  of  various  bones,^ — for  tho  repair  of  breaches  of 
continuity  and  replacement  of  lost  substance,  whether  it  have  been 
thrown  oJT  by  a  patbologieal  pnxiess  or  removed  by  surgical  inetrumonta; 
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furtKer,  in  uninjurvd  bones  a  luxn riant  growth  may  ocetirj  in  the  form  of 
liypertrophit?6,  exostosis,  and  oaaeous  tumours.     In  most  of  tlieao  caaea 

the  production  of  the  new  tissue 
takes  place  from  the  penosteum 
in  the  manner  described.  With- 
out this,  however,  we  may  he 
Mtisfied  of  the  gri.^at  importance 
of  the  membmne  in  the  produc- 
tion of  bone  fr*3m  OUwr^^  experi- 
ments (p  257).  But  while  th«  me- 
didlary  tissue  remains  inactive 
in  the  normal  formation  of  hone, 
as  was  ascertained  by  the  inve»- 
tigtitiir  just  mentioned,  it  mixf^ 
uiiilcr  abnormal  conditions,  be- 
conie  tninsformDd  into  a  mom 
or  less  solid  4.'onnective-tissmi  i 
on  its  exterior — into  a  speoies  of' 
end  ostium,  jyid  generate  hone- 
like niatler.  The  latter  i^  rarely 
developetl  in  soft  parts  reniota 
from  bone.  The  formation  of 
true  oaseona  tissue  independent 
of  bo n e  is  ve ry  ei rt: u m icri Ix^- h  It 
take«  place,  however»  far  on  in 
life  ju  cartihii^ts  ami  at  lU  ejc- 
]>f?nÄe,  when  the  jiriiepBPt»«  of 
fa^tal  ossification  are  repeatt^d  ; 
likewise  in  invU  formecl  of  con» 
(lective  tissue,  when  a  growth 
similar  to  that  from  periosteal 
osteogenic  substance  is  the  itart- 
inj(  point.  MasseB  of  hone  formeil  pathologically  have  freijuenlly  a  jxiroui 
character  at  tirst,  resembling  the  normal  tissue,  but  may  also  ht-  com- 
pact, and  endowed  with  a  high  degree  of  solidity. 

The  occurrence  of  re-solation  of  normal  osseous  tissue  is  by  no  mmns 
tare  m  disease.  It  take«  place  with  previous  decalcification,  in  the  same 
way  &s  pljyaiological  absorption  in  growing  hone. 

Remabkh.— From  tUo  fuct  that  hoties  not  previously  modeillLnl  in  rartilflg«!  nrti  tu 
mnuy  coiscfl  dev(;lti|Mfil  Iwforc  i'hom  otheri  l>ecorae  tJiiaified  wlikh  an^  thuK  pru^formcd, 
we  may  perceivü  that  tli«  dcsignatiün  **  sifcondary"  has  aot  tM*ea  Very  Imppily 
nppUed  to  thoni.  An  atu^mpl  ha«  1>eea  rnfLib^  tli&refore,  to  rif|iliiee  \i  by  the  nnme« 
««lngtiiiiimtAry  or  ovt^rUylii|4  bone"'  (Dti(!k-or  Bdegt^kimcken).  The  wlioJe  thiQ^  hat 
loil  cotisid^rnbly  ill  hUtiilogLCül  wortl},  ho 
in  ckit«og«iie3iä. 


riff.  S49,<— Fit>m  thii   edfr«  «if  Uic  rronhil    rumc  i>r  & 
Miiil  Ht,  mit  ci>iiritcUv&-Uuue;  t,  4^  o^ieobUmH, 


howev<7r,  aecordiug  to  the  latent  ob^t''rviitlciai 


11.  Be&tine. 

Before  entering  upon  the  description  of  dentine  (1),  it  will  he  noüesaory 
first  to  devete  a  few  words  to  the  consideration  of  the  teeth,  the  greater 
part  of  wliieh  it  forms. 

A  tooth  may  be  dirided  iaUi  three  distinct  parts, —into  the  rrovm^ 
which  lies  t*Ä ported  ;  the  neck^  enclosed  in  the  gum;  and  the  root,  buried 
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in  tbe  alveolus.  It  is  hollow  internall^r,  traversed  by  a  cädüI  which, 
commencing  above  in  the  crown,  terminates  below  at  the  point  of  iUv 
root  hy  a  free  opening.  In  the  incijor  and  canine  teeth  tbis  cavity  ia 
single,  and  is  divided  in  the  others  according  to  the  number  of  their  roots. 
It  is  filled  with  a  peculiar  connective-tissuej  very  vascular^  and  largely 
supplied  with  nerves,  which  h  called  the^ü^p.  The  nulrition  of  tbe  whole 
ojgan  takes  place  from  this  as  from  the  Ilav&rsian  canals  of  bone. 

From  a  bialoiugiwd  point  of  view  the  tooth  may  be  reganled  as  made 
up  of  three  kiuJa  of  tissue  (fig,  250),— of  u  coating  on  the  roott  called  the 
rsmenty  Le.^  a  bony  substance;  tlieu  of  a  layi^r  covering  tlio  crown, 
known   a^    the    enanwl    (see    next    section) ;    and  ^^ 

final ly^    of  ft    msisa   situated    internally^    the    proper  mtk 

tissue   of    the    tooth   surrounding    tbe    cavity  just 
nientioned.     This   bus   ret^eived    the    names    of   the 

Tbe  latter  posscastfs  a  liardneas  exce<iding  that  of 
boüß,  and  must  bo  looked  upon  as  a  species  of  the 
latter  without  bone-corpusclesi  and  with  a  more  regnbir 
course  in  its  camüiculi.  It  a[ipeam  white,  in  thin 
sections,  with  a  satiny  lustre  frequently,  n»  long  as 
tbe  system  of  canals  is  filled  with  air  and  is  not 
-pccnpied  by  a  fluid* 

I  Tliese  p?sages  or  dental  eanaUetdi  appear,  in  dried 
sections  containing  air,  as  extremely  numeams  and  fine 
dark  tubes  of  from  0  0011-0'0Ü23  ram.  and  upwards. 
They  maintain  a  tolerably  pandlel  course,  side  by 
siiie,  perpend ieulttr  to  tbe  surface  of  tbe  cavity  of 
the  tooth*  This  is  consequently  vertical  in  the 
middle  of  the  crowrn  (fig.  250),  obliqne  at  the 
sides  of  tbe  ktt«r,  Ijecorning  horizontal  below  towards 
tbe  root  (2),  In  tmnsver^e  section  the  middle  and 
under  portions  of  a  tootb  display  a  radiating  arrange- 
ment of  the  canaHculi. 

If  tbe  latter  become  filled  with  fluid,  they  blend 
I  Into  tbe  ground -substance  and  are  rendered  partly  or 
iltogethcr  invisible,  remiudiug  us  of  what  takes  place 
in  bone  under  similar  eircumstanceji. 

Tboy  correspond  farther  w*ith  the  canal  Iculi  of  bone  in  having  a 
lining  layer,  which  is,  bow*ever,  thicker  than  in  the  latter.  In 
smted  dentine  this  layer  ap|>ears  on  sections  in 
the  form  of  tubes  projecting  beyond  the  surface, 
llie  latter  may  be  easily  isolated  by  the  softening 
action  of  acids,  as  W'ell  aa  boiling  of  the  toolb-cartilsge 
or  treatment  with  alkalies»  on  which  they  are  pre- 
sented to  us  as  in tercouimuuicating  structures  {KoeUtker^ 
S^f^ie^  Neumann^  Freijy  WaMcf/er). 

In  snitable  sections  of  dentine  we  may  likewise  see 
tbe  canals  tmnsversely  opened  (fig.  2ßl), 

If  we  now  examine  into  the  more  minute  arrangement 
of  the  C4nialicidi  in  thin  leaves  of  dentine  containing 
air^  wo  find  their  number  to  be  greater  in  that  portion  of 
jitssne  surrounding  the  central  cavity,  and  in  the  crown, 
]jaö  in  the  root.    We  remark  also  iu  tho  whole  course  of  one  f)f  these  tubeHi 


FlfT   ^£0.— A  hiiniAn  tn- 
hy  (lentirH?,  wlitft)  hut* 
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from  willim  outwards,  nauaUy  Üire«,  op  aometime»  only  two,  undylatmg 
curves  (known  ob  the  linea  of  Sehrtger),  and  within  theae  again  a  number 
of  very  amall  jagged  or  spiral  bends,  of  which  about  two  hundred  may 
be  seen  in  the  length  of  a  line  (Rofziiis). 

Like  the  uanalkuli  of  bone,  those  of 
dentine  (fig.  252,  e)  are  observed  to 
divide  over  and  over  again,  and  to  cofu- 
luunicate  through  their  hranchea ;  though 
^  in  other  respects  they  differ,  owing  to 
their  more  regular  course. 

la  the  internal  portions  of  the  dentiil 
tissue  a  number  of  divisions  take  place 
at  acute  angks^  and  in  rapid  succession, 
with  decrease  in  the  »iz©  of  the  branch^. 
This  becomes  more  rare  externallj,  gain- 
ing  again  in  frequency  in  the  most  super- 
ficial portions.  Thus  from  one  canal  a 
whole  system  may  be  produced. 

We  encounter  further,  in  many  cnsm^ 
infcercomniunications  between  adjacent 
cauaHcitH  by  means  of  oblique  brtinebc!^ 
(<!).  Tbij*  uiay  lead  eventually  to 
the  formation  of  a  r^nl&r  network  in 
the  e^ttemal  portion  of  the  tissue  (%, 
253),  Here  some  of  the  canalicuJi  join 
in  loops  (tig.  252,  e),  whilst  others  sink 
down  into  the  ca^^ities  of  a  granular  layer  ^ 
situated  at  that  part  (b\  and  a  third  set 
ad%'ances  beyond  the  limits  of  the  den- 
""""^'"'  tine  into  the  cement  (fig.    252,  a),   or 

perhaps  (1)  into  the  enamel  (6g,  253,  c).  We  will  meet  with  thesi» 
a;f?un,  lutemally,  this  system  of  canals  terminates  by  free  openings  in 
ti»e  cavity  of  the  looth. 

The  ground  fiub^j tan ce  of  dentine,  finaUy,  is  a 
homogeneous  substance  wliich  may  be  split  into 
bands  artiÜcially  after  maceration.  The  direction  in 
which  this  cleavage  takes  place  ia  determines  I  by 
the  course  of  the  canals. 

Jn  addition  to  these  elemental^  and  essential 
features  of  tlie  tissue  in  question  may  be  addb<i  sonna 
of  minor  significance.  For  instance,  a  certain  system 
of  Irregular  cavities,  of  extremt^ly  variable  size,  namml 
by  CztTtmik  **  inteigiobular  spaces"  (Ü^.  15L^  b)^ 
exists  normally  in  this  tissue,  the  interstices  bt^tween 
the  projections  of  a  number  of  nmro  or  le&s  spheroidal  ] 
masses  aggregated  in  the  ground-substance,  known 
tLs  'Slentine  globules,"  The  cavities  in  question  are 
found,  very  numerous  and  small,  principally  under  the  cement  covering, 
or  crusta  pel  rosa,  of  the  root.  They  here  enter  into  the  construction  of  J 
the  so-called  gi*anular  layer  of  Tmnesj  and  may  be  confoundeil  with 
Lieu  nee,  more  especially  as  they  receive  into  them  the  tcnuinations  of 
oaualiculi.  These  interstMzcs,  however,  contain  no  air  during  lift  bul 
a  soft  organic  mass. 


of  hunun  dtn- 
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Lailg^ei:  globules  of  dentine  majmalce  their  appearance  mternally  ou  Urn 
boundary  wall  of  the  cen- 
tral cavity  of  the  tooth, 
communicating  to  it  here, 
•a  has  been  very  well  said, 
a  "atalactitic"  appearanca 
In  tha  crown  wa  may  fre- 
quently recogniae  concen- 
tric tmcings  mnning  more 
or  lesa  parallei  to  the  aur- 
face^  probably  pointing  to 
a  kind  of  lamination 
which  may  hereafter  find 
its  explanation  in  histo^ 
;;€(nesi3.  These  are  the 
so-called  **  cont<Jur-lines  " 
uf  Oiee^L 

We  have  already  re- 
marked that  dentine  may 
be  regarded  as  a  species  of 
bone*  Comparative  his- 
tology alao  teach ei!  ua  that 
the  oaaeotiB  tissue  of  many 
bony  fishes  supplies  inter- 
mediate form  8  be  t  w  een  bo  ne 
and  dentine^  and  that  iji 
no  inconsiderable  nnmber 
of  those  the  latter  appears 
in  the  place  of  osteons 
f  tissue  (KctelUk^)  (3), 

H IM A  EK  s,  ^1 ,     Beai  de    t  be 
kl3«nß«n  worki  o£  HenU,  Otr* 

ftnd  Bmtimafi  {Vt^L  2),     Fur- 

$te,      VifL  I  ;  L&nd.  1840-45. 
/,  Tprfyt^^'A  Ü9ur«t  of  Ltttur^^ 

)  tm  Iknlat  Phtmoloff^f  and  ^tr- 

'  fWff*  LmuL  IStIB  ;  and  Philm, 
TrmisaH.  foff  th«  yjtar  1856, 
p.  515,  ß€^le,  The  fitnu'- 
tare  of  the  sini|i]G  tisaueft.  2. 
In  tho  many- pointed  ctowtln  of  tho  baok  teeth  the  direction  of  the  cftn&ltculi  la  \he 
tame  as  if  evory  knob  wer«  the  crown  of  t  simple  tooth,  Retween  the  mimy  roots  an 
th^  so-called  älveolitr  Burfajic,  tia  Pitrkivß  lux»  Tery  hapmly  nam^  this  part,  the 
tieqiendiotilar  cours»«  of  t]w  Tiiiddle  portion  of  the  crown  is  again  if  cstalilishtHi,  3* 
Sahaequentlj  to  Qu^kfU'^  havicg  directed  ftttenticm  to  this  in  certain  fishes 
{C<tialf>^ie(t/Surqe&tuso/EnffIandj  VgL  2),  the  shore  mentioned  German  inveiitigiilor 
proved  the  fifquont  and  exten^ve  occuirenco  of  thiü  iut«TfStmg  r«?latioD. 

515L 

Tho  }  fid  pa  tleniia  la  the  onoFaified  remainder  of  the  papilla  existing  in 
tha  embryonie  tooth  (see  below).  It  is  a  kind  of  undeveloped  soft  con- 
nective-tiÄauf,  posfiihly  belonging  to  tho  mucous  or  gelatinoua  speciee, 
C4>ntaining  numerous  cellular  elements  of  elongated  or  round  form*  The 
intermediate  substancej  ^liich  Is  not  rendered  clear  by  acetic  acid,  k 
18 
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indiBtitictly  fibrous,  and  devoid  of  elastic  eleme^ta.  The  pulp  is  ftirlhei 
rich  in  nerves  and  very  vascular,  almost  presenting  in  transverse  section 
the  appearance  of  a  cavernous  tissue.  The  small  arterial  stem  wiiicli  pene- 
trales  into  its  substance  splits  up  into  several  branches,  which  advance 
through  the  latter,  forming  in  the  crown  of  the  tooth  numerous  capillary 
loops,  throui^h  which  transitions  to  veins  having  a  similar  coui'ae  l»ack 
again  takes  place*  The  nutiitlon  of  the  tooth  ia  presided  over  by  theaa 
vessuls.  The  nerves  will  be  inferred  to  in  a  subsequent  section.  To 
them  is  due  the  great  senfiitivenesa  of  the  tooth,  which,  as  is  well  knovm, 
may  increase  to  in  tense  painfulntss  at  tinies.  The  external  surface  of 
the  pulp  is  covered  by  a  lamina  ted  stratum  of  narrow  cylindrical  cells, 
0*0452-0-0902  mm.  in  depth,  reaembUng  epithelium.  These  elements, 
0*020-0-030  mm.  in  length,  contain  an  elongated  nucleus.  They 
are  connected  in  the  iivst  place  with  one  another  bj  means  f>f  their 
ramilications,  and  in  the  Dext  with  the  deeper4ying  cfllular  ele- 
ments: iiniiLly,  they  send  off  soft  delicate  processes,  single  or  multiple^ 
externally. 

The  **  dentine  ciells^*' or,  as  they  have  been  more  recently  and  bettet 
named,  the  **  odontoblasts  '*  ( Waldeyer)  (fig»  255,  b)^  have  been  long 
known ;  but  attention  has  only  been  directed  gradually  to  their  relations 
to  the  dental  tissue. 

It  used  1-0  be  thought  that  the  system  of  canallcult  was  nothing  but 
a  series  of  canuU  i>ossessing  no  formed  con- 
tents, and  only  tilled  with  a  nutritive  flyid 
(Le^infj).  Indeed,  dt:ntine  appeared  to  pre- 
sent  one  of  the  most  beautiful  examples  af  a 
system  of  vessels  for  plasma  in  the  whole 
group  of  connectivD-subslanees. 

But  Tomcif'  discoveries,  confinued  by  the 
observations  of  Bmlet  Koelliker,  Neumann^ 
Frei/f  Walilff/et't  Heriz^  ami  Boll^  ehowetl  the 
erroneousness  of  this  older  view. 

We  may  easily  convince  ourselves,  namely» 
that  the  odontoblasts  protnulo  those  of  their 
processes  already  mentioned  as  directed  out* 
wards  into  the  so-called  canaliculi  of  the  tooth 
(fig.  255,  a),  probably  traversing  the  latter  with  their  mm ifi cations  in 
their  M'hole  length ;  at  least,  they  may  be  still  seen  in  the  crown  of  the 
adult  tooth.  It  wouhl  ajipear  also  as  though  these  fibres  of  T!mi€4,  or 
"  dental  fibres^"  filled  np  the  whole  lumen  of  the  passages* 

It  has  been  supposed  that  the  structures  resembling  canaliculi,  isolated 
by  means  of  maceration,  are  nothing  but  these  ramitications  of  the  den- 
tine cells.  This,  however,  is  not  eorrect ;  for  even  after  j^rocessc^  which 
must  have  destroyed  all  the  softer  ports  of  the  toothy  after  the  most 
active  decomposition,  canalicnh  endowed  with  a  special  wall  lusy  be  laid 
Wre  (^Neumann). 

This  wall  can  just  as  little  be  looked  upon  as  the  calcified  luembrane 
of  dentine  cello  and  their  procesies  as  in  the  corresponding  elements  of 
bone.  It  ia  here  also,  as  in  bojie,  a  modified  bounding  layer  of  thft 
ground-substance,  so  thnt  we  are  correct  in  speaking  of  **  dental  sheaths  '* 
(N^umajm^  Waide f/er,  BoU). 

Tmnc^  view  of  the  matter  is  of  great  interest :  he  refers  the  frrsat 
sensitiveness  of  the  dentine  to  tjie  soil  fibres  of  these  cells.     "Wo  slwU 


lilt  tM.— 'Turti  tliftitmc  tn-lli,  Ä^ 
ifaverüiif  wvtti  thcr  firDe^tKi 
■  portloo  of  liie  cinalfcull  «t  u, 
und  proJeeilTiK  At  e  bejond  tliD 
fntftnent     of    dentins    (AUvr 
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have  to  diicuss  this  point  at  greater  length  in  a  future  ecctioiii  when  eon- 
side  ring  the  term iöü Lion  of  the  nerves  of  the  pulp. 

In  passing,  it  M^ill  be  convenient  to  touch  here  on  the  nature  of  the 
C€7?ie7itt  or  crmta  pttrosa^  of  the  teeth,  Thig  comniencca  at  thü 
termination  of  the  enamel  as  a  thin  layer  cliilhin^  the  root  (Hga,  250 
and  254),  increasing  in  thickness  below  until  it  attrtins  its  grf?att^st  thick- 
ness at  the  point  of  the  latter.  It  is,  however,  nothing  but  simple 
Ofiseous  tisflua  (fig.  252,  a),  and,  like  this  tissne,  generally  greatly 
inferior  in  hardneas  to  dentine  and  still  more  so  to  enamel.  It  i^s  not 
always  ßharply  defined  against  the  ivory  of  the  tooth.  Its  ground- 
ßubiätance  is  sometimes  homogeneous  and  sometimes  streaked  :  when  very 
thick  it  may  also  appear  faintly  laminated,  but  it  rarely  comes  to  the 
fonnation  of  Have^rdau  canals.  No  hone-cells  at  all  are  found  in  the 
cement  around  t3*e  neck  of  the  tooth,  and  they  only  become  numerous 
towards  the  point  of  the  root.  Their  size  and  i^hape,  and  the  number  of 
their  mniifications,  which  is  often  coaaiderable,  are  more  linble  to  varia- 
tion than  those  of  ordinary  bony  tissue.  Some  of  these  ramifications 
are  united  with  the  canaliculi  of  the  tooth  which  have  penetrated  as  far 
as  the  cement;  others  form  anastomoses  with  adjacent  celU  (fig.  1252, 
in  the  middle  i>r  a), 

Tliese  lacunar  must  not  he  confounded  with  clefts  which  are  frequently 
ta  be  met  with  in  the  cement  of  old  teeth  in  the  form  of  irregular,  branch- 
ing inteistices. 

Dentitw^  whose  specific  gravity  is  2*000  according  to  C.  Kmuse^  con- 
tains, notmthstauding  its  hardne^,  several  per  cent,  of  water:  some 
^inalyses  give  10  per  cent.  It  consists,  like  bane,  of  a  glutin-^neldiiig 
substnitum,  rendered  hard  by  a  considerable  excess  of  calcium  and  also 
magnesium  saltsr. 

The  organic  substratum,  determining  the  form  of  the  structure^  is 
coUagenic  matter  without  any  admixture  of  cbondrin»  An  interesting 
observation  has  been  made  in  regard  to  tlie  walls  of  the  canaliculi, 
namely,  that  though  they  may  be  isolated  by  means  of  the  stronger 
aeidö  and  alkalies,  they  remain  for  a  time  undissolved  in  a  Papiti^ 
digester,  in  wliieli  the  ground  substance  i^  tmnaformed  into  gl  u  tin 
(ffoppf),  showing  that  these  canals  are  not  formed  of  glutin-yielding 
matters.  We  have  thus  a  eimUar  condition  of  things  as  in  the 
lacunae  of  hone  and  their  mmifications.  The  dentine  globules  also  are 
not  cfnivertible  into  glutin,  and  their  substance  offers  even  a  more 
determined  resistance  to  the  action  of  acids  than  the  other  portions  of 
the  tissue. 

The  bony  earths  of  dental  tissue  consist  of  a  considerable  proportion 
of  phosphate  of  calcium,  with  a  smaller  quantity  of  carbonate,  and  also^ — 
talung  a  more  sul^o^li^ate  place — fluoride  of  calcium  and  phosphate  of 
magnesium.  The  c^irbonate  of  calcium  appears  to  be  subject  here  to  morg 
variation  in  amount  than  in  bone.  Fluoride  of  calcium  was  originally 
determined  by  Bet^lim,  and  Bihra  made  the  interesting  discovery  that 
the  dentine  of  many  mammals  is  comparatively  -very  rich  in  phosphate 
of  magnesium. 

Beside  these,  many  other  salts  and  mineral  constituents  are  met  with 
in  the  teeth,  and  also  a  small  proportion  of  fat. 

The  bony  earths,  taken  quantitatively,  anmunt  in  human  dentine  from 
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71  ta  78  por  cent,  while  Ihe  eollageDic  substratum  of  tlie  Imsue  (the  m- 
called  tooth  cartilage)  ranges  about  from  20  to  29  per  cent. 

The  foUowmg  two  analy&es  of  Bibra  may  be  taken  as  an  eicample. 
Tliej  refer  to  the  dried  dentine  of  human  molar  teeth.  The  fimtof  thaee 
was  from  an  adult  male  ;  the  latter  from  a  woman  twenty-tive  years  of  age. 

h        ^      % 

Oi^nic  collagenlc  subatratura^  ,  27^61         20*42 

Fat,        .        .         .         -         . 

Phosph,  and  fluoride  of  calcium* 

C'arb.  of  calcititn^      ..... 

Phosph.  of  magnesium,    .         .         .         - 

Other  salts . 

As  to  the  softer  cruMu  peirma^  any  distlnctioB  from  dentine  is  donbt^ 
ftiL  The  investigationB  which  have  taken  pkce  up  to  the  present  show 
somewhat  more  organic  substratum  yielding  gl u tin.  Ita  nature  u  other- 
wise similar  to  that  of  dentine,  Biltra  obtained  from  that  of  the  human 
teeth,  29 '42  (inclusive  of  some  fat)  of  organic  suhstince,  and  7058  of 
mineral  constituents. 

§  15a 

The  demlopmefii  of  the  teeth  (1),  as  productions  of  mucous  membrane, 
is,  even  in  its  coarser  outlines,  a  moat  difficult  chapter  in  embryology. 

From  the  fourth  month  on  of 
intra-uterine  life,  we  remark  in 
the  human  embryo  prepamtion 
for  the  formation  of  the  future 
milk'teetfa.  This  takes  plaee  on 
the  edges  of  the  jaws,  by  the 
formation  of  closed  follicle«,  from 
the  floor  of  which  a  papilla  pro 
jectsinto  the  cavity,  destined  to 
produce  the  dentine  of  the  struc- 
ture» and,  moreover,  m  the  fiint 
place,  that  of  the  crown»  while 
the  remainder  enters  into  the 
formation  of  the  pulp*  These 
papillary  stnictures,  which  re- 
semble in  form  the  crown  of 
the  future  tooth,  are  called  the 
"  *  tooth'  or  *  dental '  genua." 

In  fig.  256  we  have  a  sketch 
of  one  of  these  foDiclea  from  a 
tolerably  mature  embryo,  with 
ita  but  Ü1  defined  wall  of  con- 
nective tissue  (a)  and  dentd 
germ  (/)  containing  numerous 
cnpillaries  (ß).  The  kttet  ia 
covered  by  a  peculiar  etruduwv 
in  the  form  of  a  cap,  handling  down  over  ita  sides  {h).  This  has  \wm 
named  the  "euamel-organ,"*  on  account  of  its  preisiding  over  the  produc- 
tion of  the  enamel,  as  w©  ahaU  see  preiently,  Ita  concave  inferior  surfac« 
is  lined  by  a  layer  of  narrow  cylindricar  cells  (tf)  covering  tht  dental 
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g^nnp  while  its  convex  external  aapect  Is  covered  by  a  similar  coating  of 
iinaller  cells  (e). 

But  though  all  is  so  far  tolerably  clear,  we  are  now  mot  by  the  difficult 
question,  bo  varbufily  answered  at  different  timei,  aa  to  how  these  several 
itructures  take  their  origin* 

H«eent  investigations,  and  the  researchea  of  Tiersch  and  Koellikerf 
8npport<Kl  at  a  later  date  by  tho^e  of  Waideyer  (with  which  my  own  subse- 
quent observations  correspond),  seem  to  point  to  the  following  conclusions. 

The  part«  which  are  contAined  in  the  dental  gac  arc  of  various  origin* 
The  dental  germ  corresponds  to  a  papula  of  the  mucous  membrane,  which 
becomes   enclosed    in    the 

parietal  portion  of  the  fol-  ^  S 

lick  as  with  a  sheath  of  the 
latter.  Both  these  struc- 
tures have  their  ongin  from 
the  proper  tissue  of  the 
mücou*^  membrane  of  the 
fuet^l  jaw.  ^j 

The  enamel  organ»  on  tlie 
other  hand,  is  a  produc* 
tion,  by  red  u  plica tion»  of 
the  mucous  epithel  Lum« 
which  cover»  the  dentid 
germ^  just  as  a  papilla  of 
the  mucous  membrane  is 
covered  by  cuticular  tisiiim 
Rut  the  musa  which  hm 
grown  down  int<i  the  gum 
lias  (in  tiie  phaäe  in  which 
WL^  Site  it  in  tig.  256)  be- 
come completely  separated, 
hy  the  closing  in  above, 
from  its  original  source 
of  origin. 

In  order  really  to  under- 
stand these  relations^  we 
must  look  back  to  a  much 
earlier  |>eri!xl  of  foetal  ex* 
i,iateDco. 

Originally,  before  any 
imce  of  either  dental  germ 
Of  tooth  sac  ie  to  be  seen, 
the  edges  of  the  jaws, 
which  are  marked  with  a 
ftljght  groove  known  as 
fthe  **  dental  gnwve,"  are 
coverei.1  by  a  thick  ridge  of  epiihplinoi^  just  over  the  epota  where  the 
future  structures  are  to  be  foimed.  This  latter  haa  been  named  the 
"  dental  ridge**  (2)  by  KmUiker  (see  %  257,  1  a,  2ö). 

The  epithelium  smm  after  commences  to  grow  down  from  the  denial 
groove  into  the  substance  of  the  mucous  membrane,  in  the  form  of  a 
ieaf^hajied  process,  which  beconiaa  curved  downwards  and  inwardsj 
appearing  sickle -shnped,  in  vertical  transverse  sections.     To  this  the 


off  etnbryortic  pi^B  (Tcirti^l  tT&tiBVFni;  Ai^cfion»  cf  the  upp^ir 
Jiiwj.  I,  ?,  Fntm  %  •mil]  einbrjfo :  rhe  riKliI  antl  Irft  li.a]vei  of 
ihe  mnxlllA.  a,  di?iit«l  ridge;  A,  younctrr  layer  i;if«f»Ulidiuiu  \ 
f,  the  deotücjiti  ti,  fnun^^l  Kfrms  \  tnmmvi  urfran ;  /+  clmiiiU 
fZuniK  ^«  Inner,  and  k^  outer  Iftyer  «r  thr  irtttvlitK^  Uri^th  mk. 
si.  I'rrnm  «n  older  embryo :  <  thtttylcof  the  eniniiel  crf^ffn ; 
k  b)om]-T«sacI  MevFred ;  1'^  tHttf  «abatAii£&  Tlie  refnalnlng 
letter!  u  lu  1  und  f. 
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name  of  **  enamel  germ"  has  been  given  (1  d).  Its  walls  are  formal  of 
narrow^  cells  arranged  perpendicularly,  and  its  interior  ii  taken  up  hy 
small  round  oells. 

Later  on  may  be  seen  how  various  pmrts  of  this  enamel  germ  (3)  incre^su 
in  broftdtli  at  their  deepest  half,  at  thosö  spots  where  the  developmpnt  tif 
the  several  denttil  papilhe  is  to  take  place,  thus  preparing  the  way  for  the 
formation  of  tlie  indtvidiml  enamel  organs  (2  d).  Jt  is  the  snjall  round 
cells  of  the  interior  j  119 1  mentioned  which  princiijally  occasion  this  enlarge- 
ment, in  that  they  gradually  become  transformed  into  the  alrt^adj  well- 
known  non-vaaeiilar  gelatmous  tissue  (fig.  181)  with  stellate  elements  (2  e). 

After  this  the  formation  of  the  dental  germ  or  tooth  j>apilla(2/)  takes 
place.     This  grows  upwards  againBt  the  under  surface  of  the  enamel  oi^b  ' 
belonging  to  it,  and  soon  transforms  the  shape  of  the  latter  into  that  of  a^ 
thick  cap  covering  it  over. 

The  purietes  of  the  follicle  are  now  laid  down  from  the  adjacent  tissy^ 
of  the  mucous  membrane,  but  gradually  and  but  ill -defined,  and  soon  we 
may  recognise  an  external  and  more  closely  interwoven  stratum  (2  h),  and 
a  thick  internal  layer  of  softer  and  looser  texture  {2  g). 

In  %*  257  (3)  we  have  represented  the  stage  of  develupment  in 
i[Ueation.  At  /  is  seen  the  dental  germ  projecting  upwartla,  beneath 
which  the  lumen  of  a  considerable  vessel  appears  which  has  been  cut 
acroBS  (/),  and  the  commencing  bony  portion  of  the  upper  jaw- bone  (k). 
This  germ  passes  continuously  into  the  substance  of  the  still  unfiniÄhtnl 
walls  of  the  tooth  follicle,  whose  external  layer  is  to  be  seen  at  A,  and 
internal  at  ff. 

But  wo  recognise  also,  at  tlio  same  time,  that  the  style  (d)  of  the 
enamel  organ  (e)  haa  become  strongly  narrowed,  owing  to  the  growth 
upwards  of  the  walls  of  the  sac,^ — a  process  which  is  destined  to  effect  a 
separation  of  the  enamel  organ  from  the  mouth. 

But  before  this  the  formation  of  an  organ  of  the  future  takes  place  from  , 
the  style,  namely,  of  the  Bccondayy  enamel  germ,     Tliis  plays  the  sama 
part  in  the  rmliments  of  the  permanent  teeth  as  its  predecessor  did  in  ths 
formation  of  tlje  milk-teeth  (KoelUker), 

A  leaf  of  epithelium  is  seen  to  spring  from  this  style,  and  to  sink  Aown 
into  the  tissue  of  the  mucous  membrane  in  a  manner  similar  to  tliat 
described  as  occurring  in  the  formation  of  the  first  enamel  organ.  Thi« 
Iftaf  lies  beside  the  lattur  in  a  centml  poBition.  From  this  it  wotild 
appear  that  the  permanent  teeth  have  for  their  formation  a  new  dental 
germ»  but  the  old  enamel  organ  (4). 

When  the  further  progress  of  this  striking  and  interefsting  series 
changes  leaiia  to  the  obliteration  of  the  stalkdike  connecting  bands  of 
epithelium  between  the  summit  of  the  enamel  organ  and  the  epithelium 
of  the  jaw,  we  amve  at  the  phase  of  development  presented  to  us  in 
^^,  256  :  tlie  parietal  portions  of  the  tcM^th  sac  have  closed  over  tho 
enamel  ot^gan,  covering  it  in. 

EsMAKIcs.— L  Liteimture  ja  very  rich  in  eswya  on  the  development  ^if  the  t^-^th* 
Carapare  (be&ide  the  eliier  nnd  more  rpcent  German  writings)  Goodsir^  in  the  Edin* 
bwrgk  M«t,  mnd  Surg.  Joum^t  1833,  Ho.  xitxi.  1  ;  Huxley,  in  the  Qi^rt.  Joum.  of 
Micrtm,  Sdmte,  vol  üL  p.  H»,  vol.  x.  p.  127,  ami  vol.  xix.  p.  166;  Ma§im^^ 
Mtvdt*  wvr  h  dfvelffppt^mcfU  el  la  »tntctur^  des  dtnU  humaiiu.  Pari»,  1856  ;  imif  nl«^! 
ümfkpif»  rmdm,  18 (JO,  p,  424;  OmlM  in  the  Annal.  desmnene.  naL^  2  Sfrie,  Ttmut 
ilL  p.  227 ;  JoUif  in  the  aame,  3  Sirüt  Tümä  if.  p.  151  ;  Ji^tt  ei  Mafitoi  in  the 
Jmnm.  de  la  phyitwiogie^  Tonu  iiL  jk  1,  30D,  S3 3,  and  Totfte  tv.  p.  SO;  a^  mlm  in 
tb«  &€ix.  fftdd,  da  I\tri4,  1860-61,  in  many  pkcca.     2,  For  a  long  time  GoodHr^^ 


TISSITES  OF  IBS  BOOT. 


269 


d««cnptimt  waa  it«lil  to  be  correct.  According  to  hjjn,  iha  first  il<:ni  in  this  rlcvtlop* 
went  U  thp  foniiAtion  of  a  groove  in  the  edges  of  thi^  jawa,  taking j>Iaco  in  the  hutnim 
embrjo  during  the  sixth  ^vi'tfk.  In  this  tlie  twenty-teeth  gi-nnsof  Hrst  dentitioii  takis 
their  rine.  He  suppoacd  liollows  to  be  formed  arouud  tbes«  by  tJic  subsKiuent  devciop- 
luent  of  sqitu  between  thu  bevtTal  dentnl  gvrniÄ^  artd  tlint  tbt^sc  tjiiderwent  later  on  a 
tlüfture  above.  This  theory  of  Goodsir  wus  uttaeked  moat  vignruuslj,  at  a  later  dale, 
In  tbe  work»  of  French  histologists,^— öuii^o^,  Ma^üot,  and  Mobin,  Aecordina  to  the 
!«lltfr,  the  tooth  SACS,  denfftl  gt'lTns,  and  reniflining  partSt  are  develoj>ed»  in  the  first 
itiitaiiceg  within  the  sub-niucotjs  eonnective-tiaÄUe,  quite  independent  of  cpjihelimn 
«nd  nsncosft*  3.  Hurley  was  the  first  to  declare  the  whole  enamel  organ  to  b<j  of 
e|»itheUal  origin.  4.  In  the  ßfth  month  of  inti-u-uterine  life  there  may  alrcadj  he 
seen  new  foUicles,  »i  tabled  above  the  eenns  of  the  milk-teeth  In  an  oblique  position. 
They  become,  howcvtf,  more  ?eitit:Al  later  on,  and  lis  behind  and  beneath  tue  milk^ 
tcetL  Their  ossiheation  is  spri?Ad  over  the  «arlier  yeam  of  infancy.  Since  the  histo- 
gonie  occurrences  in  both  cases  are  atmilar,  it  will  aolBee  if  we  eonfine  ouraelTss  in 
the  text  to  the  coneideration  of  the  milk^teeth^ 

§  154. 

The  connective-tissue  envebpe  of  the  tooth  aac  (fig.  258,  a)  eonaistH 
(as  we  have  already  seen  in  11  iq  previotia  eection)^  at  an  early  perifvd,  of 
two  layers,  an  external  (a^)  and  an  internal  (ti^).  The  fifst  of  these  pre- 
sents a  great  denseness  in  its  fibrous  text  tire  ;  the  latter,  rich  in  cellulnr 
©lemf^nts,  preaerves  a  softer  and  more  gclatmoua  charaelcr.  The  inner 
surface  of  the  dental  sac  a^uines  a  more  or  less  homogeiieoua  aspect,  and 
to  such  an  extent  sometimes  that  a  hyaline  terminal  layer  haa  been 
spoke  ti  of. 

The  occurrence  of  villous  pTOJectiona  of  this  inner  layer,  which  are 
ilireeted  towards  the  surface  of 
the  enamfd  organ»  is  of  great 
interest.  They  appear  to  be 
equivalent  to  the  ordinary 
vaßcnlar  papilLne  of  a  mucous 
membrane  ( 1 ).  A  cum  plex  vas- 
cular aetwurk^  which  receives  its 
blood  from  the  vessels  of  the 
jaws  and  gnms,  traverses  the 
whale  parietal  portion  of  the 
dental  aac,  and  may  be  seen 
forming  loops  in  the  projections 
juät  mentioned. 

The  enamel  organ  presents  for 
our  consideTation,  upon  its  con- 
cave under  aurface,  a  coating  of 
epithehal  cells  already  long 
known.  The  latter  are  narrow^ 
cylindricaf,  und  nucleated  ;  in 
length  0  0220  -  0  0338  mm., 
and  in  breadth  0*045 1  mm*  The 
whole  of  this  layer  was  formerly 
called  the  Euainel  mcfnbrane. 

The  epitlielium,  on  the  other 
hand,  which  clothes  the  external 
convex  surface  of  the  enamel  organ  (h),  was  only  generally  recognised  at  a 
later  dat*.     It  consists  of  low  cells,  measuring  in  man  0*01 13  mm.  {2). 

The  last-named  coating,  however,  does  not  by  any  means  evprywhera 
pOfisess  the  same  thickness:   it  forms,  rather,  numerous  small  bud-like 


l- 


■11/ 


r 


Flp.  SßS. — DfnTftl  »c  of  a  tolrnibl)r  ititjruif  but^fcti 
f«Eto%  I'ortlf  ülBßrwnniNfliN  rt.  ftbrtms  wull  of  rh« 
•ao  with  It«  fjiteiTTiil  itrtfurE  a\  »nd  hiK^niAl  **; 
ft,  tfnicmcl  0TEÄ5,  whli  ltiipfc(iH3'%>T  anrt  pnrtHjiJ  t?«!ilif? 
ft  pnnmcl  nn?mbr*iHj  tnd  enmiel  prt^niti  /,  dettt*! 
ffcrm  with  U*  cipÜlBTleii  ^;  qiJiiiSnuAiScitiof  tbti  con- 
DrrMvc^lBtuo  of  the  parJet«!  lüto  tbtC  of  the  dtataJ 
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pfowths  towards  the  folHcle,  especially  at  that  portiou  covered  by  the  gum. 
These  int^rdigitate  with  thß  vascular  tuft^  just  referred  to. 

We  have  already  considered,  in  §  116,  the  gektinoüa  nou-vaecalar  tissue  ^ 
enclo&ed  in  the  cellular  tunie  of  the  enamel  oi^n,  so  that  we  refer  the 
reader  agEin  to  what  was  there  remarked« 

The  dental  germ  (/")  appears  to  be  formed  of  an  undeveloped  connective- 
tissue,  of  a  iinely  granular  dull  mass,  containing  a  muUitu<le  of  roundish 
nuclei  and  celb  of  like  shape,  or  more  or  less  fueiform.  It  is,  moreover, } 
highly  vaäcular,  the  capillaries  being  recognisahlo  at  a  short  distance  from 
it«  surface,  forming  numerous  terminal  loops  (g,  and  firj.  258)-  Numerous 
nerves  are  also  formed  in  it  subsequently,  whose  origin  ceiUs  for  more 
accurate  Investigation,  as  also  the  qnesLion  as  to  the  occurrence  of 
lymphatic  vessels. 

The  dental  germ  is  covered  by  delicate  cells  arranged  in  strata,  now 
more  or  less  cylindrical,  now  of  irregular  figure  (üg.  254S,  e ;  251»),  Thesoj 
are  the  dentine  eelh  or  odf?rttoblasi^,  whose  nature  and  position  in  the  per- 
fect tooth  has  alrea<ly  been  treated  of  in  §  151.  They  correaponfl  to  the 
osteoblasts  of  OegenlmuTf  which  we  have  seen  in  the  bony  tissue  (§  147)* 
These  cells»  taken  as  a  whole,  have  been  described  as  the  "ivory  or 
dentine  membrane,'^ 

RxMARKs. — 1 ,  These  rillons  projections  were  ürst  seen  by  English  iniresUi^tors 
(//ij^i/^/,  Goödinr,  Toddt  tmA  Bawirmnt  IL  ö?.),  ami  then  more  nceumtoly  (iescrib*Hl 
at  a  IaU*r  ftate,  priaeipally  by  Rohin  and  Ma^itoL  2.  The  epithelimu  on  th«*  imter 
mirfaea  of  the  enaiiit^I  orgRij  was  also  fir^t  rccQgtiist:d  by  Enf^liäa  obierver«  {NtiJfifiyih^ 
Hrt^ley) ;  but  the  French  have  inn  Je  it  aa  object  of  closer  study  ;  comp.  Giälhl^  Lc  ^ 
JtoHn  uid  Magitot  (Jükh*.  cfe  lapht^sioL,  Touu  4,  p.  71). 

i  155. 

The  denttd  germ  is  now  destined,  with  the  odontoblasts,  to  produce 
dentine*     To  this  end  the  elements  in  question  send  out  long  üüform 


Y\%  t^B  _%  prtlöii  in?c+inii  of  th<)  i}i-ni4t  ^«rm  ot  «  hnmm  m&lAw  tcjnth  with  lndpt<*ii( 
<  ftk'iil4?Äfl<Jn,    ri,  micijlar  (ttrm;  ft,  ivury  ct'IJ^  »nd  donUne  c;  d,  einunelj  «,  io- 

procefliee  externally,  which  constitute  the  soft  dental  fibres  of  Ttmm^^ 
already  known    to   ns   from   §    15  L      Between  them  a  homogen*50ua 
sabstanee  then  makes  its  appearance,  whose  origin  must  be  aocepte<l  aa. 
being  similar  to  that  of  the  intercellnlar  matters  of  the  connective4iaiU#i 
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group.     This  is  converted  into  denline  by  a  tliffuso  cülcificAtion  siBiEar 

to  that  of  the  so  nearly  allied  osaooua  tissue ;    while  the  walle  of  the 

cftEftlieuli  of  the  teeth  are 

formed   by  the   bounding 

ktnitiiß  of  the   mass  eur- 

routtding     the    fibres    ot 

Tomei, 

The  following  sketch 
may  1«»  accepted  as  toler 
ably  faifcliful  as  far  as  we 
&ie  acquainted  with  the 
course  of  development,  ao 
di^cult  lo  t'oUow, 

Yaimg  di?iiljne  eel) if  (fig. 
250,  b;  fig.  260)  pn^serit 
theinnL'lves  aa  me mb rune- 
less  nucleated  stractureü 
closely  crowded  together» 
and  of  irregular  jugged 
form,  and  united  one 
with  another  by  means 
of  short  p^>c<;sse^  Exter- 
nally, they  »end  off  single 
or  multiple  prolongations, 
which  form  interlacements 
by  means  of  side  bmnchefi 
with  the  pi*oci^Äries  of  adja- 
c*»nt  cells.  The  odonto- 
blaj^ts  eventually  become 
longer  and  narrower,  and  the  more  peripheral  psirtions  of  their  proeeaaes 
attain  a  considerable  It^ngth.     Thus  are  formed  the  soft  fibres  of  Tomet, 

The  calcification  already  mentioned  commeaet^s  at  the  apex  of  the 
dental  gern»,  ia  the  ti^iie  just  described,  in  the  form  of  n  single,  or 
freqm^ntly,  at  first,  of  sovenil  separate  thiu  platea  This  plate  has  been 
named  Urn  *'tlentsil  cup'*  (KahnBcherbchen)  (Hg.  259,  e).  On  the  further 
snptsrfieial  extension  of  this  ßtruclurti  tlie  calciüed  layer  spreads  down 
«vcr  this  aitles  of  the  dental  germ,  in  which,  with  the  coiiunenceincnt 
of  CAlciHcation^  the  vaseular  network  has  alroady  reaeln.*d  its  fullest 
development 

But,  owing  to  the  continued  proJuction  of  the  fibres  f)f  Tmne^^  of 
the  eanalicuti  and  the  grouiitl-sulistanee,  through  the  agency  of  the 
still  soft  ivory  cells  below  the  dental  enp,  and  the  pragrt'ssive  calcifica* 
tion  of  the  ground-atibstance^  the  thickness  of  the  dental  germ  decreasea 
more  and  more»  although  it  lias  gn»wn  considerably  in  length. 

This  increa-«ie  in  length  leads  eventually  to  the  formation  of  the  Toc^t, 
which  is  changed  into  ivory  exactly  irk  the  same  way  as  the  crown,  and 
becomes  calcified  ext^^rnally* 

The  production  of  the  cement  commences  before  the  passage  of  the 
t«eth  through  the  gnma^  as  soon  as  the  root  is  developed.  But  the  bony 
mass  in  this  CÄse  arises,  it  is  supposeil,  from  a  growth  of  the  inferior 
portion  of  the  dental  sac,  the  latter  becoming  converted  into  osteogenic 
substance,  as  in  the  growth  of  the  periosteum,  and  undergoing  dilfuae 
r^cMcation*     Osteoblasts  and  bundlea  of  connective-tissue  are  also  to  be 


Ulf.  36(^.— Df uUfiQ  eolli  afti^r  L^L  M  fl  «tid  h.  ilniple  fllirorm 
procvMm  wh-lcli  btcriniD  cnnvcrtt^d  \n\Jü  oiititllc-uUi  c,  < 
tpedfuaii  ikt  ilie  \Atxm  witli  litufirhfj;  €,  ruiHotm  i»dl;  and 
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ieen  here»  the  latter  reminding  us  of  S7iaj^y*g  fibres  (5  142)  in  the 
way  in  wliich  they  ossify*  According  to  this  deacription,  hoth  parts 
have  a  «tmilar  or  identical  nature  to  tliat  of  osseooa  tissiie.  Dentine 
represents  a  luodiltied  bony  substance^  and  the  cement  ia  deposited  upon 
it  in  the  same  manner  as  a  younger  periosteal  layer  upon  an  older,  while 
the  communications  between  the  canalieuli  of  the  tooth  and  those  of  the 
hone  occur  in  a  way  analogous  to  that  taking  place  in  concentric  growtli 
of  bone. 

Just  as  the  cement  is  formed  aroutid  tlie  root^  bo  is  the  enamel  laid 
down  upon  the  crown  m  a  c^oating  closely  adherent  to  the  subjacent 
mass.  The  elongated  tooth  then  presses  gradually  against  the  enamel 
organ  and  roof  of  the  dental  sac  until  these  disappear  with  the  super- 
imposed gum.  Thus  the  eruption  of  the  twenty  milk  teeth  comes  to  pnss» 
which  begins  in  the  sixth  or  seventh  month  of  an  infanVs  life,  terminating 
at  about  the  commencement  of  the  second,  or  sometimes  in  the  middle 
of  the  third  yetir*  The  residue  of  the  dental  follicle  persists  a>  the 
periosteum  of  the  alveolus.  Around  the  milk  teeth^  which  have  heon 
already  protrudad,  it  forms  a  system  of  obUquely  ascending  fibres  passing 
from  the  edge  of  the  alveolus  to  the  neck  of  the  tooth  {I/gmmntum 
cireuUire  deniu  of  Koelliker). 

The  external  epithelium  of  the  enamel  organ  may,  perhaps,  persist  also 
in  the  form  of  the  *'  enamel  cuticle," 

The  subsequent  falling  out  of  the  milk  t«eth  is  preceded  by  re-absorp- 
tion of  their  roots; 

The  successive  eruption  of  the  thirty -two  permanent  teeth  commences 
in  the  seventh  year,  lasting  until  the  end  of  the  second  decade,  when  the 
wisdom  teeth  make  their  appeäimnce. 

The  cause  of  the  falling  out  of  the  teelli  at  an  advanced  age  has  not 
yet  been  sufficiently  cleared  up.  U  la  probable,  however,  that  a  narrow- 
ing of  the  caualicidi,  and  degeneration  of  Totm^  Obres,  prepares  the  way 
fur  tlie  decay  of  the  organs. 

The  origin  of  dental  caries  requires  also  further  investigation.  In  it 
wo  remark  in  succession,  softening  and  destruction  of  the  enamel  meni- 
brant!  and  enamel,  of  the  dentine  in  its  gTünnd-subetancü^  atid  of  the 
dental  sheaths  and  fibres.  In  thia  process  vibriones  and  tihform  fungi 
make  their  appearance. 

The  socalkd  tartar  of  tlie  teeth  consists  of  albuminates  and  allien! 
matters  from  the  fluid  of  the  mouth,  together  with  a  large  proportion  of 
phoi^phatej?.  The  former  amount,  according  to  Bei'zdim^  to  21,  the  latter 
to  79  per  cent 

Hy per tro pines  of  various  externa!  portions  of  the  taeth  are  of  fre* 
quent  occurrence :  they  gimerally  affect  the  cement  or  dentine,  or  both 
together. 

There  likewise  occurs  frequently  enough  a  new  formation  of  dentine  on 
the  internal  surface  of  the  tooth  nnd  an  ossification  of  the  pulp.  To 
c^)mpen3ate  foi  the  we^r  and  tear  of  the  crown  also,  produced  by  chewing, 
and  alao  of  loss  of  substance  on  the  external  surface  through  disease, 
there  are  new  )ayei*s  of  dentine  laid  down  by  the  pulp  on  the  interior  of 
the  central  cavity. 

Teeth  which  have  been  drawn  may  a^in  become  attached,  and  healdd 
in  their  fdveoli  on  being  replaced. 

The  formation  of  teeth  in  strange  localities  occurs  nlto  as  a  rarity, 
especially  in  the  ovary,  but  occasionally  in  other  situations. 
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ElUARKa.— 1,  Höre  ire  meet  with  two  fHÜBTint  "Hew»,  is  ia  oonaidering  bone  tnd 
ronnectire^tiMiie.  According  to  one  of  theic,  dtnttti«  n^nsea  from  the  üdontobluta  in 
thtffonnof  ftnintoireUtilKr  raDSlincii  proilne«a  by  the  UtUr;  fic^coniing  to  uiothsTf  ft 
direct  calcification  of  thete  ^lli  tikes  ?li«t*  Th«  latter  tlieory  ha»  been  defended 
roceotly,  prineipdlj  by  IValdcyer : — •**  The  formation  of  dentine  eonal^ta  in  a  tt^iia- 
formation  of  pert  of  the  protoplasm  of  the  i?ory  cells  into  a  glutinons  äuhstAüoc, 
which  becomes  subsequently  cakifiei^j  afti*r  iwhich  the  other  unchanged  |iart  of  the 
iKjdy  of  the  cell  reniaina  over  in  the  hartlened  masä  in  the  form  of  soft  hbrea.*'  2* 
Beitidea  diffuse  f^alci^pation^  the  laying  down  of  the  dentine  globules  takes  place  «t 
thi«  period.  These  are  small  »pheroi^lal  ealcifleil  bodies,  which  are  «opposed  to  be 
partly  {wntianent  {|i>  262)»  and  j>firtly  to  dinappear  siibsequently,  Soppe  maintains 
thftt  tlwy  are  not  »jmple  coticrelioni  of  ttic  iony  earths  with  m  öiganic  coLlagenio 
iubstratum,  ns  has  been  already  mentionofi  He  was  unable  to  convert  tbeir  organic 
fiubstrattim  into  gl u tin  by  boiling*  He  Is  rather  of  the  opinion  of  Hann&vo'^  that 
their  nature  t&  cellular.  In  the  inter-stices  incompletely  ealciJied  appearing  between 
tliem,  again  we  have  tbe  *' interglobular  spaces'  toui^hed  on  in  section  1^0.  3, 
See  iVoiiw.  ci/^XoiKidfl  BaihßL  Socüifh  vol.  vrl,  p,  185.  Earlier  numbers  also  of 
thia  periodical  eoutain  other  important  works  of  the  same  author  on  the  diacased 
slate«  of  the  teeth. 


B.  Tissues  composed  of  Transformed  and  as  a  rule  Co- 
hering Cells,  with  homogenous^  scanty >  and  more  or 
less  solid  Intermediate  Substance. 

12,  Enamel  Tissue. 

§  156, 

Euftmel,  wlikh  io  tbe  human  subject  is  coufmed  to  the  teeth,  na  also 
among  the  higher  animals^  and  which  is,  us  we  ghall  tind  fuifcber  oii^  a 
decidedly  epithelial  production,  prcaents  a  glistening  white  appearance  like 
porcelain,  but  may  ^so  be  met  with  of  a  more  or  leas  yellow  or  bluish 
tint.  Its  surface  appears  at  first  quite  smooth^  but  by  the  help  (^f  a  lens 
we  may  usually  diseovet  a  number  of  delicate  gmoves  encircling  the 
crown T  of  which  Iktzitt^  counted  34  to  the  1  m in.,  and  which  become 
more  fre<(uent  down  below  near  the  edge  of  the  cement.  Like  the 
OBfieous  coating  of  the  dentine,  the  enamel  is  thinnest  at  the  ni'ck  of  tbe 
tooth,  where  it  ia  sharply  defined  againii  the  cement» 
From  this  poiiit  upwards  it  becomes  stronger,  at- 
taining its  greatest  thick nesa  in  the  middle  of  the 
cTown  {comp.  ßg.  250,  p.  2G1).  Examined  with 
polarised  light,  enamel  displays  much  more  double  to* 
f meting  power  than  either  dentine  or  cemeBt  {Noppef 
Valentin), 

From  the  examination  of  finely  ground  sections,  or 
of  small  portions  of  enamel  macerated  in  acid,  we 
gather,  that  (he  tissue  (fig.  261)  consists  of  long 
[jolyhedral  fibres  or  pillars,  closely  crowded  together, 
and  held  thus  by  a  scanty  amount  of  dome  cement* 
iog  substance. 

These  are  called  **  enamel  columns  or  pnam?!," 
They  generally  extend  through  the  whole  thickne^j 
of  the  enamel  layer,  Testing  with  one  end  on  the  den- 
tine, while  the  other  assists  in  forming  the  surface  of 
the  former.  It  is  possible,  hoirever,  that  shorter  prisms  also  occur, 
which  tenninate  at  a  greater  or  less  distance  from  the  dental  tissue. 
Their  transveTse  diameter  lies  betvreen  0  0034   and  00046  mm.^  and 


ti  mx  «f  «naif  I  I'l  wU  h  iii  b* 
Jacetlt  iIctiEb)  tlifltic, 
from  the  httmjin  tixitht 

«iuiubI  prima«;  e,  llW 
rvnticei  between  thei« 
Utter ;  d  dsiittna  vkli 
lUtubu 
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their  direcÜoa  roughly  taken  corresponds  to  that  of  tlie  canalicoli  of  the 
tonth. 

If  a  transverse  section  of  the  enamel  layer  be  made,  the  cut  prism« 
appear  like  a  delicate  tesaelated  pavement  of  four  or 
'^  six  sided  plates,  reminding  one  of  epithelium  ffig. 

262). 

Fin^jj  the  enamel  is  coated  and  protected  by  an 
extiemely  hard  and  resistent  homogeneous  membrane 
discovered  by  Namtfjth  (fig,  261,  a)*  This  is  the 
so-called  **  enamel  cuticle'*  or  euticula  dejititt  (iTod- 
liker).     Its  thickneaa  is  about  0'001-0'OOn  mm. 

FI|t.  «fS.  —  Tmrwverwj  e  1^7 

en»mei  ptiiwi*.  K'earer  inspection  discloses  to  us  many  pecuUtirl- 

tiea  in  the  texture  of  enameL 

Owiu;^  to  the  fact  that  certain  groupa  of  the  prisms  pro j (Kit  deeper 
into  the  surface  of  the  dentine  than  othem,  the  latter  hecotnes  rough  and 
uneven.  Further,  a  question  arises  whetlter  the  prisms  do  not  increase  in 
breadth  externally,  since  the  internal  surface  of  the  layer  appears  to  be 
less  esctenatve  than  superficial,  and  *^ince  n{>  considemble  interstitial  suh- 
fitanoe  can  he  detected;  or  whether  a  certain  number  of  the  prianis, 
shorter  than  the  others,  may  not  terminate  at  some  distance  from  the 
surface  of  the  subjacent  dentine.  The  occurrence  of  such  short  pit  lam 
has  been  supposed  by  many,  although  it  is  hardly  possible  to  decide  the 
question  owing  to  their  unsteady  course.  Czerviak 
states,  however»  that  he  has  often  observed  a  widen- 
in  j?  of  the  columns  externally. 

The  latter  (fig.  263)  display  m  a  rule,  in  vary- 
ing eiaamess  and  distance,  a  transverse  linear  mark- 
ing, which  may  be  partly  dependent  perhaps  upon 
tlie  progressive  laminar  calcification  of  the  struc* 
tu  re  (Hannömr^  Hertz). 

Finally»  aft  to  the  direction  of  the  itidividual 
[irisms,  we  iind  it  very  variable;  owing  to  their 
undulatLons  and  dillerent  benda,  whole  groups  of 
them  may  intersect  others.  Thus  in  longitu- 
dinal sections,  the  prisms  are  cut  througb,  in  jmrt 
longitudinally,  in  part  tmuj&versely  and  ollitinüly^ 
and  m  communicate  a  streaky  appearance  to  the  surface. 

Enamel  possesses  no  special  nutritive  canals.  But  a  system  of  aoci* 
dental  cavities  is  met  with  in  it  (fig*  261,  c),  which  vary  greatly  in  magni* 
tude,  and  are  sometimes  simple,  sometimes  branched,  mostly  elongated 
in  a  direction  parallel  to  that  of  the  prisms :  they  may,  however,  ran 
obliquely  also.  They  are  usually  situated  in  that  portion  of  the  enamel 
tissue  nearest  to  the  cement  But  renta  and  oracks  resulting  from  the 
grinding  of  sections  may  give  rise  to  the  ^me  a  p  pea  ranches.  Fi  nallv*  it 
seems  probable  that  some  of  Tom&t'  fibres  penetrate  with  their  canalieuli 
from  the  dentine  into  the  »ubstanoe  of  the  enamel,  as  already  mentiiineti, 
and  run  here  for  a  short  distance  between  the  prisms,  eithtjr  sinking  into 
the  cavities  or  coming  to  an  end  among  the  prisms. 

EeJtiaK.—CoMp.  Tonui*  work  (FkiL  TranKxd,\  p.  S22* 
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§  158. 

This  sabstance  enamel,  mow  under  conaideTatioQ,  is  the  hardest  Dud 
densest  in  the  body,  and  admirably  guited  for  the  protection  of  the  &ul>- 
jacejit  dentine.  In  this  respect,  however,  the  prisma  are  excelled  by  the 
eo&iuel  cuticle. 

Aft  fat  as  we  know  of  the  themical  comUiuHan  of  this  tissue,  it  is  the 
poorest  in  water  of  any  in  the  »yetem,  and  most  rich  at  the  same  time  in 
inorganic  constitnents.  For  every  2,  4,  or  6  per  cent,  of  orj^anic  matter 
which  retains  the  form  of  the  pnsms  after  treatment  with  acids,  Imt  which 
yields  no  ghitrn  on  boiling  {Hoppc)^  we  find  *J  1-1^0  per  cent,  of  phosphate, 
4:^0  of  carbonattj,  and  more  than  3  per  cent,  of  flvioride  of  calcium 
(according  to  JJerselius);  also  1-^-25  of  phosphate  of  magnesium.  We 
shall  take  as  examples  the  two  following  analyses  of  Bibra^  of  which 
the  tirat  refurs  to  the  enamel  from  the  molar  tooth  of  an  atluU  man,  and 
tbe  latter  to  that  from  a  woman  of  twenty-live  ye^rs  of  age : — 

1.  2. 

Organic  Bubstratani,         .        ,        -         .         3*39  (1)        5  JT 
Fat,        ..*,...        0*20  traces 

Phosphate  and  tluoride  of  ealcium,   . 
Carbonate  of  cjilcium, 
phosphate  of  magneaiumj 
Other  salts, 

Partially  developed  enamel  ia  naturally  far  richer  in  organic  constitnente, 
Tho  substratum  of  organic  matter  found  in  the  enamd  cuiide  ia  remark- 
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ng.  264, 

able  for  its  power  of  resisting  acida  and  alkalies.  It  yields,  moreover,  no 
gl  a  tin  (KocUikcr), 

The  development  of  enamel  takes  place,  as  has  long  been  known,  from 
the  cells  clothing  the  concave  snrface  of  the  enamel  oi^n  (fig.  2f>Z,  e)^ 
and  in  auch  a  way  that  each  future  prism  corresponds  to  a  celL  The 
prooess  is^  however,  still  a  matter  of  controversy,  'although  everything 
seems  to  point  to  the  conclusion  that  a  calcification  of  the  bodies  of  the 
cella  takes  place. 

Ab  we  are  already  aware^  the  lattor  at  first  appear  in  the  form  of  cylin- 
drical structures,  with  vesicular  nuclei  and  very  delicately  granular  con- 
tents, and  of  about  the  same  breadth  as  the  prisma.     Later  on,  as  the 
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cakificBtioti  of  the  dentine  is  commencing,  we  may  remark  tb©  surface  o* 
the  lattar  covtsred  with  already  hardened  but  still  short  prisms  (fig.  264,  t^. 
Not  seldom  we  enojuotar  appearances  as  if  over  these  pmmä  there  weia 
superimposed  a  epecinl  cnticle,  the  so-called  Tuembrana  prcR/ormaiiva 
(fig*  264^  i).  Buch  a  membrane  does  not  in  reality  exiät  bowavo]-,  and 
the  whole  13  only  a  deceptive  appearance  produced  by  the  youngest  lajer 
of  enamel  wbieh  is  undergoing  development»  and  which  may  often  he 
raised  off  in  the  farm  of  a  membrane  (after  the  decalcification  of  the  whole) 
from  the  fully  formed  tissue  beneath. 

IS.  Lena  TUsne. 

The  er^sfaliine  hm  (1)  consists  of  a  capsule  enclosing  a  iisaue  formed 
of  extremely  fine  transparent  fibres  or  tubule«.  The  latter  have  had  their 
Qfigiii  from  the  cells  of  the  corneous  embryonic  plute,  and  the  whole 
structure  hears  a  decidedly  epithelial  character. 

The  capsida  Icidü  (fig.  265,  a)  is  a  perfectly  transparent  membrane, 
apparently  structureless,  and  only  under  very  high  raagnifyiiig  power 
finely  streaked.  It  is  much  thicker  anteriorly  than  posteriorly  (about 
0  0 135-0-0068  mm.).  The  inner  surface  of  the  anterior  half  of  the 
capsule  is  lined  with  flattened  epithelium  of  simple  nucleated  cellsj  idreody 
mentioned  §  87.  These  measure  from  0*0  \  69  to  0*0226  mm.  in  diamet<vr 
(ög.  265,  b,  and  269,  d}. 

In  the  neighbourhood  of  the  sanula  Zinna  this  epithelium  pfLsee«  at  ite 
external  border  into  a  zone  of  young  cells  with  multiple  nuclei  and  but 
little  cell  biidy  ;  here  also  the  thickening  of  the  capsule  cetu^ea. 

Nearer  still  to  the  circumference  we  encounter  (ijpriJiging  from  theee 

formative  cells)  mundiBh  nucleated  ele- 
menta,  destined  to  be  tmnsformed  into 
the  fibres  of  the  lens  (BeekcrX 

The  fihi^es  of  the  lens  or  **  lens  tubes" 
(Lin  sen  röhr  en)  (fig.  266,  a,  h)  are  pale  and 
transparent,  without  any  further  structuro 
in  their  interior.  In  the  mo^t  external 
layers  of  the  lens  they  are  especially  trunü- 
parent,  and  measure  in  breiidth  0"0903- 
0^113  ram.,  while  in  the  central  fiortion 
of  the  oigitn  they  are  finer  (0*0056  inm*), 
but  more  dietinctly  l>ounded  and  clearer. 

The  iibrea  at  the  perij>hery  (rf)  pos«€«« 
a  vi  EH}  id  liomogeneouFi  con  tenia,  piobably 
enclosed  in  a  very  delicate  envelo)>e,  and 
deserve,  therefore,  rather  the  name  of 
tube«. 

Those  of  the  interior  (2i),  on  the  othef 
hand,  have  become  more  golid,  and  not 
un frequently  present  a  ^rmted  appeamnce 
along  their  border,  a  condition  of  great 
stgnifieance,  for  the  adhesion  of  the  seTertl 
ttibes  one  with  another,  es|^^ially  among  fishes^  where  t facte  edges  afe 
regularly  toothed, 

Aa  may  be  seen  even  from  side  vierwe,  the  fibres  of  the  lens  ftft  not 


hflmui  IcniL  0,  the  «:ap«ulp  i  ?.  Oio 
fitire»  of  th?  Irfii,  v|th  vidrnt'd  fuel  a, 
e(,  ftpplka  to  ihQ  antertnr  Uirer  of 
eii<ltheHti:ti  ^  And  ■.buitlnf  bf^tiLnil 
■t^ntt  rtn*  eapiule  <;  /  (lie  f<hc«UHl 
nacleui  noun. 
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Flf.  2 W,— Flore«  flf  lire  hu^ 
ttianl«ni.  d;  f  rum  tii«  dr* 
runtf er«nc!«  I  »ud  ^,  from 
the  mor«  ««ntn.1  pArt^ 


cylindrical,  but  more  or  leds  flattened  (ßg,  266,  a).     Tbis  is,  bowever^ 

mQ8t  evident  when  wo  take  the  trans  verse  section  of  a  dried  lens  (tig,  267  ^ 

^lor  our  object.     H*sro  we  liiid  tlie  several  tubes  most  delicately  mark  et.! 

Dut  as   compreased    hexagonal    figures,    measuring 
HD'Ol  13-0  0056  mm.  in  brt^a^ltk 

Ixmking  now  to  the  arrangement  af  the  fibres 
/fig.  205),  we  find  them  placed  nieridionally,  pasa^ 
Qg  from  the  middle  portion  of  the  anterior  half 
lif  the  ca|>Bu!e  over  the  equator  of  the  organ  to  a 
ortee ponding  point  on  the  posterfor  half.  Their 
"broad  surfat^ea  are  alwaya  directed  outwards,  and 
their  borders  are  closely  applied  to  those  of  ad- 
jacent fibres.  Owning  to  the  latter  union  being  the 
fttronger  of  the  two,  u*bole  layers  of  fibres  can  be 
peeled  off  from  the  lens  in  the  form  of  dehcate 
conct^ntric  lameike,  which  follow^ at  the  surface  of 
the  organ  the  greater  curvea  of  the  latter,  wbue 
wilUin  they  are  more  eircular. 

In  perpendicular  seetbna  of  hardened  lejisea  the  fibres  (fig,  265,  c)  are 
«een  to  spring  Up  with  a  broad  extremity  (d)  under  the  epithelial  coat- 
ing (b)  of  the  anterior  wall,  and  then,  pursuing  their  curved  course,  to 
end  in  a  similur  manner  by  insertion  into  the  posterior  half  of  the  capsule 
(e),  which  is  devoid  of  cells  (2).  In  following  up  this  course  of  the  fibres,  we 
remark  iti  tha  neighlxjurbood  of  the  equator  of  the  organ,  iji  each,  a  beau- 
tiful roundeil  vesicular  nucleus  (/),  about  0  007i-0  0129  mm.  iti  diameter, 

A  glance  through  the  transparent  tissue  down  upon  tlua  arrangement 
of  the  nuclei^  the  **  nncleua  zone^"  of  IL  Meyer^  is  one 
which  well  repays  tlie  observer  for  the  trouble  of 
preparation.  The  statementj  however,  that  each  fibre 
nf  the  lens  possesses  only  one  nucleus  is  not  correct 
in  aU  cases  (see  below) :  in  a  foetus  of  eight  months 
old  I  myself  have  seen  them  with  two  or  three,  most 
distinctly  visible  (fig.  270), 

We  must  not,  however,  picture  this  nucleus  isone  to  ourselves  a«  a 
diftphragm  occupying  the  equatorial  plans ;  it  resembles  far  more  a  leaf 
attached  at  the  periphery,  which  is  continued  inwards  in  an  uudiilating 
course i  at  regular  distances  from  the  raye  of  the  "  lens  star,"  to  be  referred 
to  immediately  {v^n  Becker,) 

The  cloudy  organ  of  the  infant  (fig*  268)  present?  for  our  consideration 
a  very  peculiar  arrangement  in  its  structure 
ill  the  relations  of  the  so-called  *■  Itns 
stars."  In  the  centre  of  the  anterior  sur- 
fiice  (rt),  namely,  we  perceive  three  bands 
meeting  together  at  an  angle  of  120% 
forming  a  three -rayed  star  or  inverted  Y, 
On  the  jKJSterior  wall,  either  a  similar 
figure  reversed  is  met  with  or  that  of  a 
four-rayed  star  {It}.     In  the  first  case  the 

'arms  of  the  poetorior  Y  occupy  a  position  in  relation  to  the  anterior 
as  though  turned  on  their  axis  to  the  amount  of  60**  Later  on  in  life 
each  of  these  rays  subdivides  at  acute  angles  into  regular  series  of 
branches»  gsving  rise  to  complicated  stellate  figures. 

The  Toicro,=cope  teaches  us  that  within  such  a  ray  and  its  system  uf 


tinn  of  tlifi  HbrE*  tit  « 


FLff.  ^{ta.—LenB  from  an  InfanL    b^  the 
djaitrtiior ;  b^  the  iH>ftterior  «uiftc«. 
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t^ranchefl  there  exists  no  lens  fibres,  their  place  being  occupied  by  a  tena- 
cious bomogeneous  mass.  Thus  we  Bee  that  the  organ  in  question  is 
divided  by  a  system  of  partitions,  Bpringiug  with  its  layers  from  a  cent  ml 
space  in  the  lens ;  in  that  this  substance  can  be  followed  through  the 
latter  in  the  form  of  septa. 

The  Jibres,  therefore^  fonn  in  each  half  of  the  lens  some  three  or  four 
wedge-shaped  pieee^. 

This  arrangement  naturally  determines  the  course  of  the  fibres,  and 
makes  it  impossible  that  any  one  of  them  fihould  actually  reach  both 
poled. 

BltfAiiK». — 1.  Beside  Gennaa  hftndbooka  on  histi>lof»3'  and  moTiograp'bi,  ootnpu 
Mewman^  Ltdura  <m  <Ä*  parts  concenud  in  the  operatmns  nf  ih4  tj^t  «to.,  Lmäem^ 
1810;  Th^  Nunmltf  in  the  Joum.  a/  Microsc  Science,  185S,  }h  136.  %.  Thtm 
hrmätnvd  etuis  of  the  fibres  of  the  lea»  may  simulate  whan  in  tniiUTerae  seetlcin  m 
fliltäped  i'pitljeliura,  without  nuclei  howerer.  It  was  formerly  supposed  that  there 
txUttKl  lwtwct«n  the  Ten«  ».nd  C«pule  a  amall  quantity  of  a  clear  thick  fluid,  tli« 
huTTwr  Mor^offnii.  This  h  not,  however,  present  in  tlie  liviog^  eye,  and  is  the  re«n)t 
ef  i  pöSt-JMürtcm  oliangi^  prodnced  by  the  d  worn  position  of  the  m  delicately  con- 
stated periphtTnl  fibre»  and  epithelium.  The  lalter  swell*  up  bef&re  bursting  into  a 
number  f>f  «[(hericnl  globulea  (hg.  269,  c). 

§  16a 

Turning  now  to  the  cumpmition  of  the  tissue  of  the  lens,  that  of  the 
capsule^  in  the  first  place,  is  at  present  but  insufhciently  knowu,  Th^^ 
latter  gelatinises  in  ncetic  acid  and  eolutions  of  the  alkalies,  without^  how- 
ever, becoming  clouded  or  dissolved.  Even  after  two  days*  boiling,  also. 
It  is  not  converted  into  glutin.  It  offers  prolonged  reaiatance  to  tlit* 
action  of  alkalies,  but  is,  on  the  other  hand,  gradually  dissolved  in  the 
mineral  acids  (Memomdes),  Thus  we  have  the  reactions,  to  a  certain 
extent,  of  most  of  the  transparent  elastic  membranes.  On  the  other 
hünil,  according  to  t^trtthr^  statements,  each  capsule  may  be  dissolved  by 
boiling  for  st^venil  hours  in  water,  yielding  a  substance  which  does  not 
give,  however,  the  reactions  of  gluLin, 

The  composition  of  the  nuclei  and  walls  of  the  lens  fibres  is  not  a^ 
yet  known.  In  their  interior  is  contained  a  concentrated  solution  of  a 
peculiar  and  very  unstable  protein  substance  known  as  crystallin  (|  12, 
p.  17).  Owing  to  its  close  relationship  to  albumen,  all  reagents  which  cause 
the  latter  to  coagulate  produce  clouding  iu  the  tissue  of  the  lens,  and  when 
suitably  employed  may  reu  der  the  structuii)  of  tlie  latter  more  distinct 
In  this  respect  chromic  acid  has  gained  great  repute.  Besides  this,  the 
lens  contains  a  not  iuconsiderable  prt>portion  of  fata,  and,  according  to 
older  analyse.'^i  of  extractive  matters  also*  For  the  human  lens  Bemsiius 
obtaiuetl  the  following  percentage,  of 

Water,      ,         ,  -  .         .  58-0 

Protein  matter,  ,         .         .         .         *         *  35 '9 

Walls  of  the  übrea»  &c.,  remaining  on  the  filter,  ,  34 

Extractive  matters, 3-7 

The  proportion  of  fata  in  the  human  lens  was  found  to  be  2*06  per 
cent.  (Huii^ftti)  I  among  them  cholestearin  is  j^resent  (Lohjfiej/er).     The 
amount  of  mineral  constituents  met  with  ia  only  0'35  per  ceot.     Tlie  , 
clouding  of  the  lens  after  death  depends  upon  some  change  in  composition 
not  yet  understuoil. 

The  Fpecific  gravity  of  this  organ  in  the  human  being  is,  accardhag  to 
0imemjr,  1070  In  the  external  layers,  while  that  of  the  mopo  denau 
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nncleos  maj  reach  1*194.  The  index  of  refraction  amounta,  in  the 
external  strata,  to  1*4071  according  to  Krause;  in  the  middle  to  1*4319, 
and  in  the  central  to  1*4564. 

§161. 

The  lens  is  developed  from  a  douhling-in  of  the  superficial  layer  of  cells 
coating  the  embryonic  body  or  the  corneous  layer,  which  has  been  already 
discussed  in  considering  the  epidermis. 

But  even  at  a  very  early  period  it  appears  as  a  structure  completely  sepa- 
rated from  the  layer  just  mentioned.  It  is  hollow  in  the  interior,  and 
has  very  thick  walls,  which  are  bounded  by  a  transparent  membrane. 
These  walls  are  formed  of  several  strata  of  elongated  cells.  From  them, 
possibly,  the  excretion  of  the  homogeneous  substance  has  taken  place, 
which  subsequently  solidifies  into  a  capsule  for  the  whole  organ.     In  our 


Fiff.  269.— «-«,  Cells  from  the  len/i  of  a 
lOBtal  pig  two  inches  lon^.  a,  original 
cells;  &,  other  elongated  specimens; 
e,  some  more  so  stilU  passing  Into  the 
form  of  tubes;  d^  epltheliam  of  the 
lens  of  a  harasn  embryo  at  eitrht 
months;  «,  cells  from  the  so-called 
AttfiMT  Morgagnii, 


Fig.  270w— Fibres  from  the  lens  of  a  human 
fcBtus  at  eight  montha  a,  flbies  with 
one  nucleus;  6,  another,  which  still 
shows  its  cellular  character;  e,  flattened 
form,  as  seen  from  the  side;  <<,  fibres 
with  two  or  three  nuclei. 


opinion,  however,  the  capsule  is  a  modified  deposit  from  the  adjacent 
connective- tissue.  These  cells  gradually  fill  up,  it  is  supposed,  with  their 
descendants,  the  central  cavity,  and  become  developed  in  most  cases  into 
lens  tubes  or  fibres,  while  a  certain  remainder  only,  preserving  their 
original  characters,  constitute  the  epithelium  of  the  capsule  seen  on  its 
anterior  internal  surface. 

In  young  embryos  we  have  an  opportunity  of  studying  the  fibres  of 
the  lens  in  process  of  development  (fig.  269,  a-e). 

In  more  advanced  fa'tuses,  as  for  instance  in  the  human  towards  the 
19 
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last  months,  the  ühtm  are  quite  limilar  to  what  are  found  in  the  adult 
(fig.  270,  a,  c),  at  times,  however,  Btill  preaerving  the  cellular  character 
(b),  J^Qt  very  unfröquently  we  encounter  also  lens  lihres  with  double  or 
even  triple  nucleus  (d).  The  further  produetion  of  these  tubes  probably 
takes  place  by  a  process  of  segmentation  of  the  immature  cells  in  the 
zone  situated  at  the  border  of  the  epithelium  of  the  capsule  (§  159),  the 
new  elements  being  laid  down  over  the  older  ones.  That  the  process  and 
the  growth  of  thelena  extend  far  beyond  the  period  of  mtra-uteriue  life 
is  almost  a  matter  of  certainty. 

At  an  early  period  the  capsule  of  the  lens  is  enclosed  In  a  vascular 
membrane,  which  forme  a  part  of  the  well-known  system  of  envelopes  of 
the  organ  under  the  name  of  the  memhrmia  eapstdo-pupQlaris. 

After  birth  the  number  of  the  fibres  of  the  lens  is  multiplied  with  the 
growth  of  the  body,  but  their  diameter  is  not  increased. 

They  take  their  rise  from  the  epithelial  cells  of  the  capsule,  and,  in 
keeping  with  the  character  of  epithelial  structures,  can  be  regenerated 
provided  the  capsule  and  layer  of  cells  be  preserved.  It  is  not  difficult 
to  couceive  that  a  lena  formed  after  the  capsule  has  once  been  opened  never 
attains  the  same  regularity  of  form  as  the  -first  structure,  seeiug  its  figure 
is  quits  dependent  on  that  of  the  capsule.  The  amount  and  nature  of  the 
interchange  of  matter  going  on  in  this  organ  is  not  yet  known.  The 
former  is  probably  not  entirely  insignificant, 

14.  Muscle  Tissue, 
1162. 
The  muscles,  spriuqing  from  the  middle  embryonic  plate,  are  made  up 


£. 


F!f.  ^I'l.'^^rlpM  maielft-flbrfi». 


fl«;  fll^lltmenis  of 


of  a  soft  reddish  fibrillated  tissue,  which  is  remarkable  for  the  property  it 
jjossesses  of  contracting  when  its  motor  nerves  are  excited.  This  pecu- 
liarity  is  character ised  by  the  term  irrüabiUty.     As  we  are  tauglit  by 


TISSUES  OF  THE  BODT, 


28t 


phjsiologjp  the  contractiüii  of  muscular  tissue  is  of  two  kintk,  voluntary 
and  involuntary. 

Viewed  from  a  histological  puiint  of  view,  lauiscles  may  be  divided  into 
those  which  are  made  up  of  long  transversely  striated  übreß  as  elementary 
atmctuTea  {%♦  271)^  anil  those  built  up  of  smooth  or  unstriped  fugiform 
elongated  cells  (tig*  272).  Bependent  on  these  differences  we  speak  of 
dfiped  and  snmoth  muscle* 

Thia  anatomical  difference,  however,  seem  a  at  first  sight  mucli  greater 
than  it  is  in  reality. 

In  the  jurat  place,  we  encounter  many  intermediate  forms  between  these 
two  species  of  muacnlar  tiaaue  in  the  animal  world ;  and,  secondly,  the 
hiatory  of  development  has  recently  shown  that  both  elements  have  an 
origin  extremely  similar,  namely,  each  form  a  single  cell  (§  59)*  The 
element  of  tlie  nnstripfKi  tissue  preserves  this  character  throughout  life, 
the  striped  lib  re  foi-sakes  its  original  nature  in  the  greater  complication 
of  its  developraent 

In  conclusion,  we  need  only  remark  that  the  voluntary  muscles  of  our 
body  consist  of  striated  librea  (tlie  hearty  however,  also»  among  those  organs 
which  are  involuntary),  whilst  those  muscles  withdrawn  from  the  influence 
of  the  will  are  composed  of  smooth  fibres.  The  expressions,  therefore,  of 
"smooth"  and  "involuntary,"  or  "striped"  and  *' voluntary,"  do  not 
coriT«pond  exactly  in  the  human  body.  The  specific  gravity  of  the  first 
i»f  these  was  settled  by  Krause  and  Fischet'  to  be  1"05S,  that  of  the  latter 
1-04U 

§163. 

The  elements  of  unatriped  muaciilar  tissue  (fig.  27S)  were  formerly  held 
to  he  longf  pale,  hand-like  fihrea  (i),  displaying  at  intervals  several  like- 
wise elongated  nuclei.  It  remained  for  KoelliJi'e/s  quickness  of  perception 
to  recognise  in  these  fibres  a  series  of  elongated  cells  arranged  linearly  on© 
after  tiie  other,  and  in  the  year  1847  to  introduce  to  the  notice  of  hia- 
lologiflts  the  ^*  contractile  fibre-cell'*  (c-7i),— a  great  step  towards  a  prof)er 
con i prehension  of  the  structure  of  this  tissue,  so  diflScult  of  investigation. 

We  usually  meet  with  the  sfnooih  musch-ccil  in  the  Ibnn  of  a  long 
(d-/)  band,  which  may  at  times  pos&ess  extremely  great  length  (f/),  and 
which  generally  runs  off  to  a  point  at  both  end^.  It  is  often  short  however 
(c).  Its  medium  length  is  about  0  0451  -0  0D02  mm.,  short  cells  measuring 
often  0"0282  mm,,  and  very  long  specimens  0  2256  mm,  and  u]i wards. 
Its  breadth  lies  between  0^0074  and  0*0151  mm. 

Further,  it  appears  pale  and  homogeneous,  either  completely  colonrleas 
or  tinged  slightly  yellow,  and  without  recognisable  ditfcretice  between 
the  envelope  and  contents.  Not  unfrequently  we  may  remark  a  row  of 
granulea,  the  residue  of  the  earlier  protoplasm,  extending  from  each  pole 
of  the  nucleus  into  the  body  of  the  cell  (fig.  272,  a) ;  small  dustdike 
molecules  of  the  same  may  also  cloud  the  otlierwise  clear  substance  of  the 
cell.  Finally,  as  a  sign  of  retrograde  metamorphosis,  we  find  fat  granules 
in  varying  quantity  and  size  (fig-  273,  A)- 

The  contractile  fibre- cell  may  present  a  very  characteristic  appearance, 
princip«üJy  due  to  its  nucleus,  which  appears  under  tlie  action  of  strong 
acid  as  a  tolerably  pale,  long,  cyUndrical  rod,  more  or  less  rounded  at  both 
ends.  Again,  thia  nucleus  is  met  with  quite  homogeneous,  without  any 
dtil'erence  of  contents  and  envelope,  and  apparently  without  any  nucleus, 
lU  medium  length  is  0<i226  mm,,  and  breadth  0  0023-01)029  mm,     Its 
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fiitimtion  is  generally  at  an  equal  distance  from  boüi  ends  and  in  the  B^ig 
of  tbe  cell,  as  may  be  beat  seen  in  transverse  sectiotis  of  previously  dried 
muscle  (k)  \  from  which,  also,  we  may  convince  ouraelveg  of  the  cylin- 
drical form  of  moat  of  the  fihres.  In 
moat  cases  the  nucleus  is  only  single ; 
but  two,  three,  or  evea  four,  may 
occur  in  one  ceil  (Memak,  KoeUikcr, 
G.  Äc/i<ffa/6e),^  a  circumstance  of  grent 
importance  in  tracing  the  relatioaship 
of  these  to  striated  tuuscIo  hbrea. 

It  is  only  very  lately  that,  by  tlje 
Old  of  more  advanced  technical  know* 
li?dpe,  we  have  been  enabled  to  render 
visible  in  many  nuclei,  single  or  mub 
tiple  (1-4),  granules  of  round  form  and 
glittering  ai»pearance,  which  have  pro- 
bably the  significance  of  nucleoh. 
Their  diameter  is  0  0009^00002  mm. 
(HeSiUnffj  Frankmihätiser^  Arnold, 
Sehwalbe), 

Under    the    polaiising    microeoop 
the  contractile  fibre-cell  is  found  ta' 
be  double  refracting  and  positive   to 
the  axis  ( Valentin). 

But  though  thts  cell  appear  tlins 
singular   in  a  state  of  maturity,    it 
l>ears  in  Uie  embryonic  body  a  Jeea 
striking  character;  the  nucleus  is  then 
round  and  vesicular  (a,  b).     Whether 
this  original  constitution  may  not  per 
sist  in  many  parts  of  the  body  is 
question  incapable  at  present  of  being] 
answered,  liesides  tliis,  it  is  impossibla 
to  indicate  any  very  certain  features  o| 
distinction  between  the  fusiformi  cell 
of  connective- tissue,   which  are  likeJ 
wise  endowed  with  vital  contractility,  ^ 
and  the  elements  of  smooth  muscle. 
The  many  controversies  which  have 
taken  place  in  the  last  few  yeai«  as  to 
whether  we  are  to  admit  tlie  presenc 
of  contractile  muscle  cells  in  this  part  and  that,  or  no,  must  be  judge 
accordingly. 

On  the  other  hand,  the  singly  nucleated  conttacttle  fibre-cells  may 
acquire  striated  contents,  and  thus  approach  nearer  to  the  elementa 
voluntary  muscle. 

Among  such  may  lie  reckoned  the  elenienta  of  the  muscle  of  the  heiirt 
of  lower  vertebrates  ( Wekmaiiti)^  of  the  bulhus  aortae  of  the  salamander 
and  protetts  {Let/äiff);  but  probably  not  the  fibres  situated  under  the 
endocardium  of  the  ruminants,  of  pigs  and  horses,  bearing  the  name  of 
the  fibres  of  Purkinje. 

Smooth  unstriped  muscle  is  to  }>e  found  throughout  th«  whok  diges- 
tive tract,  from  the  inferior  end  of  the  a>sophagu8  down  nearly  to  the 


FIf. 


STSl'^Sniiwth  mnecle  flbr»  from  the 
ittDQUi  beltift  ind  other  m&mmiü*,  a,  t  fi>t^ 
tuntlrftce]]  fmm  the  nulshboiirhood  of  the 
itoiatfl)  of  A  ft^tal  pSjn  t*n  Incln**  lonif ;  ft» 
mother  Rifirc  duvrlo^icd  ;  i-^;,  vartoiu  forma 
of  tioDtractile  cell«  from  the  htuDU)  hotly ; 
h^  one  of  the  Utter^  coi^tJtlnlnt^  fAt  j^ruinlcs: 
iV  t,  bundle  of  iinooth  znnwle  dl>reB;Jt,  & 
tTUUTcniQ  BTctlon  thmu|{li  on»  of  (lieve 
frtHn  Uli!  Nort»  ttJ  thu  ox,  wttb  ierenl  tiudid 
In  th0  plmue  of  the  t^Qt, 
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tenjiination  of  tlie  rectum ;  it  is  met  with  oko  in  tlie  mucotis  membrane 
itself,  as  the  so-called  masf^ulans  mneoiiw,  ia  the  form  of  thin  layers  and 
6  ID  all  huiidk^p  The  organs  of  respiration  aro  like  wise  supplied  with  this 
tiBsue:  thiiÄ,  it  is  seen  in  the  [»osterifir  wall  of  the  trachea,  in  the  circular 
übre«  of  the  bronchi  and  their  braiichea,  and  perhaps  also  in  the  pul* 
tnonary  vesicles.  The  walls  of  blood-vessels  ptjsaess  it  also,  especially  in 
the  middle  layer  of  their  coatö.  These  contractile  cells  make  their  appear- 
ance too  in  the  cutis:  firstly,  in  the  form  of  small  groups^  m  in  the 
hair  fulHcles,  the  sebaceous  and  sudoriferoua  glands;  and  then  again 
forming  more  or  less  continuous  layers,  as  in  the  tutika  dartm  of  the 
serottim,  the  mamma,  and  areola.  The  human  biliary  apparatus  only 
shows  tiseuQ  in  the  walls  of  the  gall  bladder  {Hcnlt^  Eber  Ik).  Further, 
the  tissue  is  distributed  througliout  the  urinary  apparatus»  It  occurs  in 
the  calyces  of  the  kidneys  in  the  f<jrm  of  continuous  stnita,  and  also  in 
the  pelvis  of  tl*«  latter  orgaut  in  the  ureters  and  vesica.  Jigain,  in  the 
form  of  scattered  elemeuta  along  the  urethra  and  over  the  surJiice  of  the 
kidney.  In  tlio  male  organs  of  generation  also  it  is  ext'onsively  met 
with:  thus,  in  the  tuiiim  drtrlm,  ttetween  the  tujiica  vatjinalw  communis 
una  propria  of  the  corrl,  t/fuiiift/mfs^  atii  de^/iffsrat,  Süminal  ve^iclea,  prostate, 
Com^tfrit  glands,  and  corj/ora  mtemotnL  Also  in  the  fenude ;  thusj  in  tho 
ovaries,  in  the  Fullopian  tubes,  and  uterus,  which  latter  organ  presents  to 
us  during  pregnancy  the  greatest  accumulation  of  the  tissue  in  question 
which  existsi  in  the  body.  Again,  in  the  round  (KoeUiker)  and  broad 
ligaments  (Lti»ehka)t  and  in  the  corpora  cavernosa.  Further,  smooth 
muscular  fibres  are  supposed  to  exist  in  the  envelope  and  in  the  septa  within 
the  spleen  and  lymphatic  glands  of  mammals.  Finally,  they  occur  in  the 
oi^nt  of  vision  as  sphinctera  and  dilators  of  the  pupil ;  also  in  the  choroid, 
in  the  ciliary  and  orbital,  as  well  m  eyelid  muaclea  (H,  MiiUer), 

Siei 

Th6  tecond  species  of  muscular  tissue,  namely,  th^  striped  or 
etfinMf  is  to  be  found  in  all  the  muscles  of  the  trunk  and  extremities, 
— those  of  the  ear  and  external  parts  of  tlie  eye,  with  the  exception  of 
the  muscles  mentioned  in  the  preceding  section.  It  enters  further  into  the 
construction  of  many  internal  organs,  as  the  tongue,  pharynx,  upper  portion 
of  CESOphagus,  lar^'nx,  genitals,  termination  of  the  rectum,  and  diaphragm. 
Finally,  it  presents  itself,  modified  to  a  certain  extent,  in  the  heart. 

As  elements,  we  here  meet  with  long  cylindrical  and  strongly  flattened 
fibres  (%,  274,  1),  which  do  not,  as  a  rule,  give  off  branches.  They 
have  a  thickness  of  from  0*0113  and  0*0187  nan,  up  to  0"05G3  mm.  in 
the  human  body*  To  these  the  name  of  "  mtiscle  fibres  **  or  **  primitive 
bundles  "  has  been  given.  The  bumaü  primitive  bundle,  which  is,  owing 
to  its  greater  thickness,  of  a  yellower  tint  than  the  smooth  element,  dis^ 
plays,  in  contrast  to  the  latter,  a  moat  striking  and  characteristic  texture 
tinder  high  magnifying  power. 

It  consists  of  an  en  veto  [le  and  contractile  contents.  The  first  of  these, 
csllt«d  usually  the  ** sttrkolemma "  or  "primitive  sheath,'^  is  a  transparent, 
horoogeneous  mcmbnine,  which,  on  account  of  its  high  degree  of  elasticity, 
always  remains  closely  adherent  to  the  included  mass  in  all  the  changes 
of  form  wliiüh  take  place  in  the  latter  (fig.  274,  1).  The  primitive 
sheath  may  be  demonstrated  apart  from  cbeinit.al  aid  hy  simply  break- 
ing the  continuity  of  the  contents  (2  a),  or  also,  as  is  strongly  recom- 
mended, by  treatment  of  the  living  fibre  with  water,   on  which  the 
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membrane  becomes  raised  up  in  blebs  by  ondosmosLB,  Preparalioiift 
dso  of  the  muscles  of  naked  amphibia  which  have  lain  in  spirit  freqaenllj 
afford  very  good  ohjecta,  in  which  tba  envelope  h  observed  widely  aepa- 
lated  from  tlio  incladed  maea 

On  the  intenial  surface  of  the  aarkolemma  are  Hitiiatcd  a  aeries  of 
roundish  or  oval  nuclei  (1  d)  0*0074-0*0113  mm.  in  length.  More 
minute  examination  of  the  müßcle  fibres  of  naked  amphibia  (fig,  275) 
with  very  high  magnifying  p<iwer3  shows  the  nuclei  (c)  to  he  veaicukr, 
with  tolerably  tliiek,  and  therefore  doubly  contoured  walU^  and  to  contain 
one  or  two  nucleoli.  In  fresh  tisane  the  nucleus  lies  ulosely  enveloped 
in  &  fasiforiu  clefL  The  apices  of  the  latter  are  occupied  by  a  homo- 
geneous clear  substance.  This  is  the  remainder  of  the  original  prott> 
plasm ^  which  has  not  been  consumed  in  the  formation  of  the  fleshy 
matter  of  the  fibre.    This,  taken  as  a  whole,  has  been  named  the  "  miiaole 


\i 


f1|t  1T#- — 1,  ÄTiatwI  muKrlc  fibre  with  n 
bnvklnf  up  ln^  pKoiUtve  JlbrillflB  a :  niort; 
dMtnet  »trlAilEin  nt  K  mntl  t^ngitiulliiHl  line« 
Miei  d,  uncial.  1.  A  ftbire,  ^,  torn  thronj^h 
&t  el.  irllh  tbA  liieaUi  pvtUUj  vm^j  &Dd 


»iTCOtii  ekniCTit*;   ft.  lighter  can»;  t, 
pudel  i  d  Intemltlkl  ^ruiiüe«.  (Ale«bel 


corpuscle  "  (M.  Sehultxe,  Wekker%  and  is  looked  upon  as  equivalent  to  m 
cell 

In  fig.  275  we  may  remark  filiform  streaki  springing  from  these  muscle 
corpuscles,  and  dotted  with  fat  granules  throughout,  aa  also  is  the 
d^neiated  body  of  the  cell.  These  we  shaU  have  agftiii  to  take  into 
consideration  below. 

The  number  of  these  nuclei  or  muscle  corpuscle«  is  not  inconaiderabla ; 
their  position  is  sometimes  without  arrangement,  sometimes  alternating« 
In  the  fibres  of  the  heart  abne  do  there  exist,  beside  the  circumferenttal 
nuclear  formations,  others  which  occupy  tho  axis»     Bat  among  the  lowei 
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animale,  as  for  instance  in  the  frog,  tbu  nmM  lie  at  erety  depth  in  the 

The  content«  enclosed  in  the  BÄrkolemma,  or  Ihts  fleshy  eubstance  of  the 
musde  (Jig,  274,  1),  is  of  exfcrenielj  complex  and  delicate  texture.  It 
präsente,  but  in  varying  degrees  of  distinetnea^,  a  longitudinal  (e)  mid 
transverse  striation  {d),  affeeting  the  whole  thiükness  of  the  fibre. 

Ill  many  dead  mnffcles  t!ie  longitudiiial  marking  niüy  be  obierred  with 
the  greatest  ckurness  hi  many  tibreft,  appearing  in  the  form  of  Yery 
delicate  but  distinct  parallel  lines,  tmve«iiig  the  whole  length  of  the 
dement 

The  dietanee  of  thee©  from  one  another  varies  between  0*0011-00022 
mm.  In  many  cases  the  lines  nin  continuously  for  a  conaiderablo  dia- 
tance,  but  more  frequently  onlj  make  their  appearance  at  intervals  in  the 
fleahj  jniiSBf  and,  after  running  a  short  course,  disappear  again. 

On  trans veree  flectiona  of  a  fibre  we  may  frequently  observe  the  sub- 
stance of  the  contents  pi^jectiiig  in  the  form  of  tine  fibrillin  or  hands 
(Ij  a),  bounded  by  the  linear  marking. 

The  ohjects,  however,  which  we  obtain  hy  the  action  of  certain  reagents 
on  the  muscle  librea  are  extremely  peculiar, — a  method  of  treatment  much 
in  use.  Those  which  have  been  macerated  in  cold  or  boiled  in  hot  water, 
such  also  as  have  been  subjected  to  the  prolonged  action  of  alcohol, 
bichloride  of  mercury,  chromic  acid,  and,  more  than  all,  of  bichromate  of 
potash,  are  often  seen  split  up 
in  the  mo$t  beautiful  way  into 
long  fine  fibres  of  IVOOll- 
0*0022  mm,  in  breiwUh  (fig. 
276). 

Owing  to  this  circumstance, 
it  hfti  been  supposed  by  many 
that  the  übres  of  muscle  are 
made  up  of  fine  elementary 
threads  or  *'  muscle  fi brills,"  as  they  have  been  named ;  the  muscle  fibres 
are  also  known,  on  this  account,  as  ''  primitive  bundles." 

The  theory  in  qneetion  has  had  among  its  defenders  a  number  of  men 
whoee  opinions  should  have  great  weight  Among  these  we  may  mention 
Scfitoann^  Valenim^  Herde^  Gerlath^  Koellikery  Ley  dig  ^  Wdckm^^  Schön, 

Hkm AUKS. —Camp,  beside  ffen^i^s  work,  Boixmian  in  the  Phil.  Tranxscl,  1840, 
Fati  2,  p.  69,  »nd  1841,  Fori  I,  p.  457  ;  aIm  tlie  tvo  (irtieleii  liy  the  &amc,  "  Maade'* 
«ad  **  Mu^nlar  Motion,'*  in  the  Offtloptediaf  «ol.  üi.  p.  £06  and  519  ;  and  in  tho 
work  eiiited  in  conjuaetion  with  Tcddr  t*&l  L  p,  ISO. 

$165. 

The  transfmrse  8tri€äton  of  muscle  ia  also  subject  to  much  variation^ 
and  it  is  a  matter  of  great  difficulty  to  gain  a  proper  conception  of  it, 
owing  to  the  minuteness  of  the  object  and  the  obstacles  in  the  way  of 
correct  focus.  In  the  first  place,  we  me^t  with  dark,  sharply  defined,  and 
continuous  lines,  running  pandlel  to  one  another,  whether  in  a  straight  or 
undulating  course.  Their  distance  from  one  another  likewise  lies  between 
O'OOll  and  0  0023  mm.  Again,  these  transverse  stride  may  be  inter- 
rupted, ceasing  for  a  certain  distance.  The  contour  of  the  whole  fibre  is  at 
the  same  time  quite  smooth.  In  other  muscle  fibres,  markings  not  so  dark, 
but  much  hroader,  aje  seen,  regular  cross-bands,  so  that  the  whole  appears 
to  oonsiat  of  a  double  system  of  dark  and  light  transverse  £ones.    Finally, 


FlJt,  ^A— A  laiiiMlD  flbm  aftrr  the  eonUriTiird  ftiTtton    of 
tu  ffftrtijü  r«wlutimi  into  flbriU«. 
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thougli  seldom,  the  traneveme  Imcii  nmy  beconie  ieporstod  horn  one 
anotlier,  the  latenil  outlines  of  tlie  fibre  becoming  indented ;  so  that  iha 
wbole  conveys  to  us  the  impressioD  that  it  is  about  to  break  up  into  & 
number  of  plates,  Coioeident  with  the  more  distinct  appearance  of  tmns- 
YBtm  striattou,  the  longitudinal  marking  usually  decreases  in  cleame^ 

When  treated  with  certain  reagents  the  peculiarities  of  the  tisaut  in 
this  case  also  are  forcibly  brought  before  wa.  Thus,  acetic  acid  eauae« 
the  longitudii^  linea  to  vanish,  while  the  trana verse  remain  a  certain 
time  still  \iaibla  In  very  dUute  hydrochloric  acid,  and  also  in  the  acid 
gastric  juice,  the  muscle  fibre  i$  resolved  into  a  number  of  thin  disks,  while 
at  the  same  time  that  it  swells  up,  and  commencLng  solution  sets  in«  the 
longituditial  markings  becoming  completely  destroyed.  These  diska  often 
separata  from  one  another  in  the  most  regular  manner  imaginable  (Hg. 
277p  4,  5).  Carbonate  of  sodium  has  a  similar  action,  but  does  not  produce 
B welling  of  the  tissue ;  chloride  of  calcium  also,  which,  however,  gives  rise 
to  a  fihrinkiDg  and  transverse  wrinkling  in  the  fibre,  and  not  unfrequejitly 
cauaes  the  appearance  in  its  interior  of  transverse  rents,  If  ow,  aa  in  the 
former  cases^  we  believed  ourselves  wamnted  in  accepting  with  certainty 
tlie  £brillated  composition  of  the  muscle  fibre,  so  ought  we  now,  seeing 
these  effects  produced  by  the  chemical  reagents  just  named,  to  look  upon 
the  latter  as  made  up  of  a  number  of  diska  or  plates  arranged  one  over 
another  (1), 

The  theories  broached  by  histologisti  as  to  this  peculiar  double  mark- 
ing of  the  muscle  fibre  are  naturally  enough  yery  various^  owing  to  the 
ohscnrity  of  the  subject. 

If  we  except  a  muititude  of  manifestly  incorrect  efforts  at  explanation, 
there  remained  for  many  years  only  two  modes  of  viewing  the  matter,  by 
which  the  nature  of  the  texture  cöuld  be  interpreted,  at  least  in  its  most 
important  features.  Hence  both  of  the  views  in  question  found  assailants 
and  defenders. 

According  to  the  first  of  these  theories,  alr^d}'  mentioned  in  the  pre- 
ceding section,  the  fi brills  are  the  pre-existing  essential  elements  of  the 


fleshy 


and  remarkable  for  their  jointed  structure  (fig,  277,  2). 


Owing  to  the  fact  that  the  transver^  markisgt  of  all  the  fibriil^E  occur  at 
the  same  intervals  and  lie  one  b^ide  the  other,  a  striped  appearance  is 
communicated  tn  the  whole  fibre  (1).  It  is  not  difficult  to  see  that  the 
appearances  presented  may  be  thus  tolerably  well  explained^  and  why  it 
is  that  we  sometime  remark  a  longitudinal  and  sometimes  transvei^ 
stria tion  to  piepondemteu  On  the  other  hand,  the  occurrence  of  disko, 
with  ahsence  of  the  longitudinal  lines,  is  difficult  of  Interpretation, 

The  second  theory,  which  has  gained  for  itself  in  recent  times  a  conäl- 
derable  circle  of  adherents^  and  which  we  believed  also,  with  certain  modi- 
fications, to  be  correct,  originattyd  with  that  excellent  English  investigator 
Bowman.  Among  those  who  supported  it,  with  greater  or  less  modifi- 
cation, the  names  of  Hurting^  Hatckd^  Letfdig^  Kf/erdein^  Margo,  may 
be  mentioned. 

According  to  this  tljeoiy,  the  mu&cle  fibre  consist«  essentially  of  an 
i^ggtegate  of  small  particles  (Fleiechprisrnen,  Fleisch  the  liehen),  or  »arcou^ 
element^  which»  united  in  a  trans verae  direction  and  clinging  togclher, 
give  the  appeamnee  of  a  disk  or  thin  plate  {Jiötcman'«  DUk^  fig*  277,  3, 
4,  5),  and,  arranged  longitudiuaily,  that  of  a  fibril  (1,  2).  Both,  how- 
ever, fibrils  as  well  as  disks,  it  was  beld,  are  not  tlifr  optical  ejqifeoäom 
of  &  pre-existing  composition  of  the  kind,  which  is  entirely  absent  in  tins 
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fresh,  living  rauscl©  fibre;  they  rather  in  dicate  a  tendency,  on  the  part  of 

the  muscular  element,  to  split  up  in  one  of  theiotwo  direeliona  (2).     It 

must  be  allowed ,  however, 

that  the  tendency  to  break 

up  into  fibrUlae  in  a  longi* 

tudinal  direction  is  greater 

tlian  in  the  Lranaverse  into 

dinks,  the  latter  being  of 

mrer  occurrence  than  tho 

primttive  librilltB. 

The  aupposition  of  the 
extstance  of  these  sareous 
eleniente,  connected  longi- 
tudinally and  tranaverseiy 
with  one  another,  neces- 
hilatcs  of  course  the  pre- 
Bailee  nf  a  uniting  mefUum 
between  them.  And  when 
we  remember  the  com- 
pletely opposite  effect  of 
the  two  reagenta  already 
menttonedy  that,  for  in- 
fttance,  very  dilute  hydro- 
chlorie  aeid  resolves  the 
muscle  fibre  into  platoa^ 
while  alcohol  and  bichro- 
mate of  potaissium  conveiiit 
into  fibril  lae,  we  must  look 
for  two  kmds  of  cement- 
ing Bubataiice, — one  fur 
the  aiH^^'lutinntion  formiug 
bngitudinal  fi brills,  and 
another  d liferent  one  imit- 
iiig  the  flesh  prismi  in  a  tmnsverse  direction  and  forming  diftks.  The 
quantity  of  transverse  cement  (probably  more  or  less  gelatin i>iis)  is  far 
amaller  than  that  of  the  probably  fluid  lougitudinaL  The  latter  m  remark- 
able  for  it«  great  capacity  for  contraction  and  swelling  out^     In  con^ 

ifonuity  with  this,  we  sometimes  tind  tho  dark  trans ver«e  2onea  placed  far 

"closer  to  each  other  than  at  other  times. 

Here  arose  the  very  impf>rtant  question,  how  the  closer  relation  of 
the  sarcouä  elements  to  the  transverse  lines  of  the  lib  re  was  to  he  repre- 
sented. 

We  frequently  remark  (and  especially  regularly  after  dight  treatment  with 
acetic  acid)  the  transverse  atriation  to  be  made  up  of  dark  icories,  refract^ 
ing  the  light  very  stronglvj  alternating  with  cleiirer  belt«  of  Ires  refracting 
power  The  latter  are  the  layers  of  the  longitudinal  cement^  swullen  up 
and  reodt.*red  clear ;  while  the  darker  i^onea  represent  the  sarcoos  elements, 
united  together  by  an  agglutinating  medium»  and  forming  disks.     Accurate 

*  itudy  of  tho  e0ect  of  water  aciilulated  with  bydrochlüric  aeid  showed 

[how  the  cltüir  tmus verse  xünes  become  more  distinct  with  the  rapidly- 

tcommencing  a  welling  up  of  the  longitudinal  cementing  medium  preceding 

P^olution ;  that  a  nmscte  fibre  might  then  break  up  into  disks,  each  of  the 
latter  conitisting  (like  a  voltaic  element  with  ita  zinc  and  copper  pkte)  of 


HI.  ir??.— 1*  A  muKk  flbr*  wirh  primltlT«  flbrtU»  ui4  tnnK 
veno  itTian«!)  ftranitlir  MiArknl.  takvxi  u  t^e  fonilRinaital 
form,  ^.  I  tool  ft  led  (Ibrillic  «troii^^y  mi.{^uifleJ.  S.  Streottii 
rJvinti'Ut*  iinitLcl,  foi-mlnf£  a  dink  i^l&Krnminatlr)*  4  FIjUdi 
of  hiimAn  iTiith'U;  aI^it  tn-Atmt'nt  wlih  bj'drocnlcvlc  itliL 
&,  A l^iimiiTi  ttlire  nftiit  p^<)iüi4i$i<4  lre«tiii«nt  wli  h  h^ditK-hlorlc 
kcUJ.  Mllh  lUrk  jVj  aulI  U}i:Ut  (d)  ifntM  unit  nucM  la,  tty.  d 
Two  pal  fit  VÜ  n  bii?»  from  tli  p  h  iiinkn  N«^  bt^mhtL  From  on« 
at  iii«ni  til«  lDten£ltlal  eoanectlTiHSvp«  Lb  iirokmged  oref 
this  villi« 
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a  darker  and  clearer  portion  (tig.  277,  5,  c,  dj  (3) ;  it  eliawed  further^  that 
the  ckar  part  imderwent  solution  bj  degrees,  while  the  dark  2one  remdn- 
ing  over  occasionally  presented  to  view  the  sarcous  elements  of  a  dbk,  m 
though  in  the  act  of  fieparation  from  one  another 

The  improved  and  greatly  increased  magnifying  power  of  our  new 
microscopes  has  sinco  rendered  it  no  longer  difficult  to  obtain  a  view 
of  the  fleshy  prisms  and  of  the  fibrous  structure  of  many  muscles  (fig* 
276)*  The  lamprey,  and,  better  still,  the  lower  amphibia  (ProieuSj  Sireäon)^ 
afford  very  good  objects,  owing  to  the  large  sijie  of  their  s^arcoua  elemeatiL 
However,  the  same  may  be  recognised  in  the  smalJer  particle«  of  the 
TDUScles  of  frogs,  mammals,  and  human  beings  (4), 

The  prisms  appear  now  as  cylindrical  or  hexagonal  prismatic  particles, 
of  greater  height  than  breadth.  Their  length  in  the  proteus  (%.  278^  1,  a) 
is  0,0017  mm.,  in  the  frog  (fig.  280)  0^0013  mm.,  in  the  pig  (Ög,  27S,  2,  a) 
and  in  man  0*0011-00012  mm.  Standing  one  beside  the  other,  they 
ibim  the  dark  transverse  zones,  aud  are  almost  in  actual  contact  with  ono 
kmnoth^r  as  a  rule,  owing  to  th«  scanty  amount  of  interposed  cement 
(fig.  278,  2,  a;  fig.  279.  «), 

Those  spota  are  jmrticularty  instf  ncttve  where  the  saicotu  elements  of  a 


FlffS. 


He.  fTfl«— Tw9  mnicl«  Abret  from  this  prot«ii% 
1,  wod  tg.  %  in*irnlfl«d  IMM  llni«&,  (The  ir« 
«ml  an  dcohai  prcpirHluft,  th«  Jattar  tvnesd 
vltti  BCvtic  uriil  vt  1-OL  per  «enl.]»  m,  mtvnaM 
tAvmeutM  i  b^  detr  lon^ttid^D^  Qeni«nk  At  m„ 
the  wnaai  eletneöl»  mn  mar«  iep*nt6d  from 
one  uicftheri  uhI  ttia  tlmiwfvne  c«ncfi£  U  rUIbkv 


Fljr.    m.— Krautet   trtiBMrwrm 

wltltüDtt  3,  omjuti'deT  itroiiff  ex-< 
trntifin;  both  li  1^111/  nukcoi- 
ftciJ  {Martf») ;  3^  ^  Bhrt  tnm 
tl»    dof    Imraedlatdjr    after 


^ansrerse  roir  appear  somewhat  distant  from  one  another  (fig.  i78,  1 
below,  2,  a*). 

In  our  description  so  far  of  the  strticture  of  the  muscle  fibre,  we  have 
intentionally  followed  up  the  historic  coarse  of  the  opinions  held  regarding 
It«  in  order  to  facilitate  the  comprehension  of  the  most  recent  investiga- 
tions by  the  reader. 

From  the  newest  researches  we  Learn  that  our  earlier  views  were  ifieom* 
plete.  But  still  the  field  of  inquiry  is  so  exceedingly  wide,  the  matters 
tu  be  dealt  with  lie  so  near  the  verge  of  invifibleness,  and  the  com  position 
of  the  fleshy  maf«  is  so  very  unstable,  that  the  views  of  pre^nt-day 
observers  differ  widely. 

In  the  first  place,  the  iranspareni  transverse  zone  is  traversed  by  a  verjr 
line  dark  line.  This  was  referred  to  by  the  English  observer  MfXfiffn 
with  others,  and  the  second  edition  of  this  hand-book,  in  the  year  1S62. 
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later  on,  its  nature  was  made  tlie  subject  of  mc\m  extended  fe»eÄrcli  by 
Mratm.',  so  that  we  may  name  it  tlie  **  transverse  jilato  of  the  t  ran  spare  tit 
lone  "of  Krame.  Thi&  cri^ss-ÜBe  (fig,  270,  a)  may  be  recügnised  withoat 
great  difilculty  in  the  living  mu&eles  of  maniniala  and  the  naked  amphibia. 
It  is  to  he  seen  very  distinctly  in  the  minscle  fibres  of  insects»  after  pre- 
vious stretching,  attaining  a  thicknesa  at  timed  of  O^OOOS  mm.  After 
the  action  of  very  "wejik  acetic  acid  it  In  the  son  reo  (at  le^at  very  fre- 
quently) of  the  transversely  «iriated  marking  of  the  muscle  fibre  of  the 
vertebrates. 

Krattse  holda  a  very  peculiar  view  in  re^peei  to  the  structure  of  muscle 
(fig.  2d0).  He  regards  the  dark  croasrline  just  mentioned  as  the  optical 
expreBsion  of  a  delicate  transverse  parti- 
tion springing  from  the  sarco lemma, 
vrhich  divides  the  interior  of  the  muscle 
fibre  into  a  number  of  diskoid  compart- 
ments built  np  one  over  the  other.  The 
contents  of  such  a  compartment,  then, 
would  consist  from  bekw  upwards  of 
(1)  half  of  a  transparent  tmn averse 
aone  J  (2),  of  a  dark  zone  occupying  the 
]uiddje(r.e,,  of  a  transverse  disk  of  sar- 
cous  elements) ;  and  (3)»  of  another  half 

>  of  a  transparent  cross  zone  (see  fig.  280), 
Mnmm  believes  also  in  tlie  existence 
of  A  delicate  lateral  memhrane^  ijivest- 
Ing  dosely  the  sides  of  the  stircoua 
ekmetita  and  ends  of  iU  transparent 
appendages,  and  uniting  with  the  trans- 
Terse  membiane;  In  this  way  he  sup- 
poses the  elementary  si  rue  lures  of  the 
striped  fibres  to  he  formed — the  so- 
called  **  muscle  easketa."  In  longitudinal  rows  they  constitute  the  fibrill«. 
This  author  also  believes  llie  clear  longitudinal  and  transverse  cementing 
medium  to  he  liquid,  and  that  during  contraction  the  layers  of  fluid  flow 
from  the  end  surfaces  to  the  sides. 

Almost  at  the  samo  time,  however,  Hefwm  observed  the  dark  transverse 
zone  to  he  divided  in  its  middle  by  another  transparent 
cross  line  of  weaker  refracting  power  (fig.  281,  a).  This 
is  novf^  known  by  the  name  of  the  "  middle-disk"  of 
IIcTiäcn.  The  views  reganling  its  nature  are  very 
various.     By  some  {Krause^  Heppner)  it  ia  regardal  aa 

I  an  optical  illusion,  while  others  (Merkel ^  Engdmann) 
Xaaintain  its  presence  in  the  living  fibre.  The  last 
view,  of  course,  does  away  with  the  pre-existence  of 
the  aarcous  elements.  They  would  have  to  consist 
tsither  of  three  portions, — two  ilnrk  terminal,  and  a 
centml  transparent, — or  coidd  only  he  products  of  coagu- 
lation, adsuniing  a  homogeneous  constitution  after  death, 
composetl  of  the  dark  matter  of  the  transverse  zone  and 
middle  disk. 

Finidly,  minute  grantiles  have  been  remarked,  arranged 
in   rtjws,  at   each   side   of  Kratmtis  transverse   lines   {F7vf;el,  M^kel). 
Tiume  rows  have  been  named  "accessory  disks*'  (En(/dmann)  (fig.  2S2)^ 


1-1«.  311— 4tiiKl*4bf« 
nl  tb*  lu^l«»  {mm- 
pkivrmt}.     a,     tbai 

rtrnl  ii-KiifTcra«  tun« 
<ii.tri>hu]       prvp«r»> 
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3*2.— Portton  of 


Jhk  does  noi  appear  to  be  the  place  for  enlering  more  deeply  into  fclie 

iubject      * 

The  etruettuB  of  strip^sd  muscle  hbrea  will  probably  remain  a  matter  of 
controversy  for  many  years  to  come*  We  look,  howeveri 
upon  the  ctofia-lines  of  Kraitm  as  fuliy  auWtantiated- 
But  as  to  the  exiateaee  of  lateral  membrane«,  and  the 
theory  of  the  "  muBde  caskets'"  dependent  on  it^  we  do 
not  believe  in  it  any  more  tlian  in  the  fluidity  of 
the  cementing  medium.  As  regards  the  middle  diiim, 
we  have  not  yet  come  to  any  detinite  concluaicn.  Wo 
look  upon  the  sarcom  ekmasts  bm  pre-existing  in  some 
form  or  other,  and  not  as  products  of  coagolatioti 
pc«wi7  ^"^  (Engelmann),     In  our  opinion  the  loui^dtudinal  übrill® 

are  artificial  productioas. 

Unexpected  results  were  obtained  «ome  years  ago  by  a  method  of  treat- 
ment pnctiscd  by  CaJmheim,  namely,  the  preparation  of  transverse  sections 
of  frozen  niUÄcle,  In  these  may  he  recognised  groupa 
of  sarcous  elements,  like  a  mosaic  of  amaU  pais 
ikhs  of  from  three  to  six-sided  fignrea  Between  and 
bounding  these  is  a  trellis-work  of  transparent  glit- 
tering lines,  which  become  broader  only  at  irregular 
intervals.  These  belong  to  the  transvei«o  cementing 
medium. 

It  is  still  a  matter  of  uoeertsiiity  whether  the  ele- 
!..'  i:i<  of  unstriped  muscle  possess  sarcous  elements  or 

Brücke  made  a  very  interesting;  discovery  long  agOi 
namely,  that  Bowman' €  sarcous  elementSj  together 
with  the  croÄS-lines  of  Kraum  and  middle  disk,  are 
double  refracting»  and  are  positively  monaxial,  while 
the  cement  deposited  between  them  is  single  refracting. 
The  first  are  '*  anisotropic,'^  the  latter  '*  isotropic," 
The  correctnesSp  however,  of  Bt'ücke*§  etatement  has 
been  since  questioned  by  Eaugei  and  Vol^fitm, 

Reharks. — L  The  slight  mcUnation  of  the  fihrilloe  to  spfiftmte  from  one  another 
^[wlieü  uo  rea  gemots  «re  mttde  use  of)  s^ems  also  to  poUit  to  this  cont^luslon.  2.  *'The 
moscb  fibre  in  therefore  jttit  at  little  a  bandk  of  übnllip.  as  &  pillar  built  up  of  diikt 
arranged  one  over  the  other.  Should  a  totJÜ  »eparatLon  in  both  direclions  re&lly  take 
place^  the  r^ult  wouJd  Deoessarily  be  a  breaking  up  into  tleshy  prisms/*  '*  Aad  if  we 
tear  oW  m.  fibril  from  ■  mmele  fibre  we  take  uwvty  troni  every  disk  a  sarootm  element, 
aad  tyke  wt^ki"  {Bomnan).  3.  Dobi*  (AnnaL  (ff  NeU,  MisL,  Fth.  1318)  also  discri- 
minated ia  the  lanie  m  tu  n«<r  long  ago  between  the  darker  wroous  element»  of  ^«i^- 
fnan  and  a  second  syNtAui  of  clearer  portions  tituated  between  them.  Muscle  fibre«, 
when  stretch ei J,  show,  Äeco^lin*;^  to  Martin  (B&iU't  Ärehiw*^  Fcl.  iii*  p*  ^27),  anotbor 
transverse  lin«^  iiuM^ing  through  the  centre  of  each  clear  lone.  Hke  same  was  tn^ 
viouAly  obser>'ea  by  Ämki,  Kodliker,  and  others.  I  myielf  hare  remarkea  it 
freqnentlj  too.  4.  Tiiey  maj  assume  very  large  proportiona,  also,  in  the  cntwfiah. 
Here  they  were  found  by  liäkd  to  vary  ^nm  00020  to  00090  mm.  in  height ;  and 
ha  wae  able  to  isolate  them  in  a  gelatinoma  coadition  as  long  aa 0' Oil 4  mm .  ife  Jmiks 
npon  them  as  hexagonal  prisms.  AnneC»  obserrations  are  also  of  great  intc^r^. 
According  ta  him,  uie  elongated  prismatie  elements  ol  the  mnsele  of  the  Gominon 
boose- fly,  separated  by  a  distirjet  cement  or  clear  zone  fmm  one  another,  asaeme 
during  oontmetion  a  marked  obliquity  of  poaition.  This  1  cau  corroborate  myself » 
FurtheTf  according  to  Sehihtnf  ther«  is  a  dark  spot  visible  in  each  sarcous  element. 


f1|:  SftS,  —  TnifiiTerBc 
i«iälon  «f  a  froten 

group«  DriftTcnni  ri^ 

c;  dear  »meiit. 
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§166. 

Thö  occutrence  in  ita  »ubitance  of  certain /ore?{7n  molecules f  partly  con- 
listing  of  fat,  is  another  pecaliaritj  of  the  muacle  fibre*  These  are  known 
as  the  "  interstitial  granules  of  KoeUik^r"  although  described  long  ago 
by  Ilcnle. 

They  are  not  always  distinct  in  human  muscle,  but  when  present  are 
f  neoiintered  in  rowii  fiarallel  to  the  direction  of  the  tleshy  fibres. 

In  the  muscle  of  ihe  frog  they  apj^iear  with  greater  distinctnesg  (tig. 
5884,  (/),  and  are  often  uncommonly  numerous  also,  resisting,  fnrtht^r,  the 


_^tff 


m«^  234. 


fl|r.  fSi^, — Mnsrk  ßlinr  from  the  Itg;  M  m 

dfliite  hy<iiiochloric  »eld.  Frmn  the 
cut  «nrfkCQ  Tery  fine  Hbr^ä.  are  tet-n 
projet'tlnn^   a;   with   i^rvmleiH  ft;  th« 


action  of  water  acidulated  with  hydrochloric  acid  entirely.  Here  tliey 
comraence  at  the  poles  of  the  nuclei,  and  appear  as  though  situated  in  a 
Äyst<?m  of  cuinftl-like  intetötices,  occupied  by  nuclei,  grauule«,  and  fat 
luoleculeA  (Kftelliker),  whkh,  under  ordinary  circunistances,  are  filled  up 
with  the  well  known  protoplasm.  When  ooagulateil,  these  musses  may 
form  a  aeriea  of  extremely  delicnte  fibres  (0'0006  mm.  thick)  and  project  from 
the  cnt  end  of  a  muscle  fibre  which  has  been  treated  with  water  contain- 
ing a  tmce  of  hydrochloric  acid  (fig.  285).  The  fibres  contain  fat  mole* 
cnles,  partly  externally,  and  pirtly  in  the  interior.  Ley  dig,  BoUcher,  and  ih 
Wtber^  erroneously  regard  these  structures,  together  with  the  nuclei  of  the 
L  muscle^  a»  a  network  of  stellate  connective- tissue  cells  with  tubular  pro- 
^sscs  traversing  the  substance  of  the  nmscle-fibres. 
On  irans verse  sections  of  muscles  widch  have  been  dried  and  subse- 
quently moistened  (fig.  286,  «X  w'c  see  these  rows  of  lat  granulea  aa 
a  number  of  dark  dots*,  aa  long  as  the  molectdes  remain  in  the  section, 
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mail  bitiyis  bntthii.  a^  tnuscle  Ahrpi; 
A,  «fcUon  cif  11  lArge  verael ;  c^  m.  f atHMjll 
In  ■  omildertblQ  coEinectlTeHluiic  In- 
tenttfce  ;  cü,  »ccMon  ü(  m  rmpkllary  veuel 
In  the  thin  sept  um  of  cfinnoetivpHltKoe 
bettn^ctj  two  muit-k'  (tbrei;  t,  nndel  of 
tlic  Ittter  iTinf^clofc  to  tiie  sarco^ranmi.. 


but  m  Bmall  round  openiiigs  oa  their  faUiog  out.    But,  beaidos  tbeae, 
^  tbe  sarcans  eiements  appear,   under  low 

magijifying  power,  more  or  lese  distinctly, 
in  the  form  of  extremely  fin©  pale  dota 

§  167. 

We  now  come  to  a  spocml  niodific«- 
tiott  of  striped  muRcular  tissue,  naufcely, 
that  formed  of  branching  or  retietdatyjd 
fibres .  These  are  of  frequent  oceurrenee 
in  the  lower  animals,  but  are,  as  far  as 
we  know,  at  present  confined  to  but 
limited  portions  of  the  bunion  and  mam- 
mal iaa  body. 

For  many  years  past  the  occurrence  of 
muscle  fibies  of  this  kind  baa  been  recog- 
nised in  the  tongue  of  the  frog.  Here 
tlipy  are  seen  dividing  and  fiubdividiug  at 
acute  angles.  In  tbe  same  organ  of  man  they  have  since  been  found 
by  BieModecky  and  Herzig ^  as  elm  by  Hippmanfif  having  been  previously 
obeerved  in  some  of  the  mammalia.  In  the  lips  and  snouts  of  many  of 
these  animals  the  satne  variety  of  the  tissue  appears* 

On  the  other  hand,  the  muscle  of  the  human  heart,  and  that  of  other 

^j— ^^^--  vertebrates,  ehowa  with  the  greatest  fre- 

^H^H^B^^k  HB       quency  division  of  the  fibres  with  anasto- 
^H^H^U^HIH^     moses;    thus   the   formation    of    regular 
HHIMH^I^^I  ^Km      muscular  networks 
P^ v^'^^H  ^BiBF  The  muscle  übrcs  of  this  organ   (fig, 

287)  are  emaller  than  elsewhere,  and  richer 
likewise  in  fat  moleculci?.  Envelopes  are 
lesa  apparent  than  on  other  striped  fibre«, 
or  are  entirely  ahaeni  Finally,  the  traos- 
vcrae  atrite  appear  with  greati^r  distinct- 
nesä,  and  the  tendency  to  break  up  into 
fibriilije  is  here  considerable» 

The  union  of  adjoining  fibres  (a,  h) 
is  eifected  aa  a  rule  by  short  (c)  and  usually 
slender  branches,  which  leave  the  stem 
now  obliquely,  now  more  transversoly,  so 
that  a  regular  network  is  produced,  very 
important  in  the  mechanism  of  the 
motions  of  the  lieart» 

According  to  KoelUker^s  fitatennfint*^, 
each  ramifying  muscular  element  of  the 
heart  corresponds  to  a  stellate  celU,  and 
the  whole  to  a  cellular  network-  Wclmiann^  however,  declares  that  his 
investigations  have  led  him  to  other  conclusions.  According  to  him,  the 
muscle  hands  consist  (and  it  is  easy  to  convince  ourselves  of  the  fact),  in 
fishes  and  amphibia,  of  sin*  pie  elongated  fusiform  and  »o  me  times  branch- 
ing cells,  associated  together*  The  same  is  the  case  in  tbe  emb^oa 
of  the  higher  vertebrates. 

In  the  latter,  however,  they  become,  later  on,  more  closely  united  to 
form  tbe  common  mass  of  the  hand.     But  even  here  it  is  possible  to 


Hg-.  387.— IfoKilfl  ftbrt«  (W*m  Hie  bff»rt, 

the  boiiBitiMinfl    of  tt»c  cell)  vnA  Oi« 
nacleL  arc  to  bt^  «otn* 
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render  vkible  the  boundariea  of  the  mdlndual  cells  artificially  (4e%j 
Eberth,  Schweig ffer-Seidel), 

Id  the  other  tmubveraely  »triped  musclea  of  the  body  it  is  the  exception 
to  find  branching  lihreä. 

RKMAHKik— The  ri^tifonn  cotine*!tiöOi  of  fitri|M?d  muscle  filirea  were  deat-rilwd  by 
Zevdtari  and  1113  self  many  yeara  ago»  atjd  proliabJy  J  or  the  first  Utne,  us  oerurriug 
in  AziliTDiKid^,  and  noted  kter  a$  of  freqiient  occurrenoe  among  iuf^i-rtiibrtite  nnimab. 
In  thcjear  IS  49  they  were  ag^a  brought  to  light  hj  Koelliktr^  liaviug  hevu  |»re- 
Tioufil J  Beeu  by  Leruwmhock. 

§  168. 

The  fibres  of  striped  muscle  are  arraiiged  parallel  to  one  another  (with 
exception   of  those  of  the   heart),  and  j 

appear  pnsmatic,  owing  to  their  mutual 
contact  (iig.  2S8,  a).  Their  direction  is  \,^^^^^^m  j 
that  of  the  long  axis  of  the  muscle.  Be-  i^H^^^^M'-'*' 
•tween  them  is  situated  a  very  small  quan- 
tity of  interstitial  connective- tissue,  in 
which  the  nutrient  capillarieji  {d)  and 
nenres  of  the  part  are  contained. 

Several  of  the-se  muscle  fibres  are  usually 
lanitml  to  form  a  bundle  varying  in  thick- 
ness from  0*5  to"  1  mm.,  and  sepamted 
from  the  surrounding  bundles  by  a 
stronger  layer  of  connective-tissue.  Such 
primary  fasciculi  are  then  combined  to  form  $ee<mdary,  which  present 
themselves  in  very  irirying  thickness* 

The  conneclive^tissue  envelopts  and  uniting  substance  of  muscle  ia 
known    under   the  name  of   "  perimysium,"  two  ^ 

kinds  of  which  are  recognised,  naniely^  an  external, 
enveloping  the  whole  structure,  the  perimymum 
exiernam^  and  a  continuation  of  the  latter  between 
the  fibres,  the  periTjitjsium  inienmnu 

Fat-cells  {e)  may  also  be  met  with  in  the  conneo- 
tive-tissiie  of  musclci  becoming  more  numerous  in 
obese  bodies,  or  in  muscles  which  have  remained 
long  unused,  Seen  from  the  side,  they  are  ar- 
ranged in  rows  one  aft-er  the  other  (fig.  289,  b). 
They  may  eventually  iutorfere  with  the  abiHiy  of 
the  fibres  to  perform  their  work. 

Bands  of  smooth  muscle  also,  although  they 
seldom  fi^rm  such  bulky  muscles  lii  th^  human 
body  as  the  first  formation,  are  nevertheless  put 
ü>gether  in  a  simihir  manner  in  bnndles,  wherever 
they  are  crowed ed  and  collected  in  large  numbers  ^^: 
together.  On  the  other  hand,  contractile  fibre- 
ceUa  appear  frequently  enough  in  the  body  in  y^ry 
«mall  «ggregations,  hidden  and  obscure*!  by  an  excess  of  connective- tissue, 
80  that  they  can  only  be  discovered  amid  the  latter  with  difficulty.  Con- 
sequently, wo  may  distinguish  betiveen  pure  and  mixed  unstriped  muscle 

The  vascularity  of  niuscla  ia  very  const derabkf  and  the  arrangement  of 
its  Teflsels   characteristic   (fig.   2^0),     The   arterial  stems  entering    the 
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(a),  send  off  to  the  fibrillar  short  tranevefse  bmiichea»  which 
are  then  hroken  up  into  a  delicate  capillary  network 
(Cf  d)f  whose  longitudinal  tubes  paia  between  tho 
museulnr  fibres,  and  rommuniGate  with  one  au- 
^  other  at  long  intervals  Ly  means  of  short  crose  twigs. 
Thus,  a  long-meshed  capillary  network  ia  formed 
within  whicli  the  cxusele  fibre  is  situated.  The 
proper  fleshy  suhstÄnce  of  the  latter  receives  none 
of  these  capillaries.  As  to  the  venous  veaseb, 
their  course  corresponda  precisely  to  that  of  the 
ortenaL 

The  nervea  met  with  here  will  h«  considered  in 
the  next  chapter. 

§  16a 

As  is  well  known,  museles  are  united  very  closely 
with  their  fendomt^  and  in  such  a  manner  that 
the  latter,  in  their  course,  appear  to  be  either  the 
immediate  prE>lougütion  of  the  muscle  iibres,  or,  the 
insertion  of  the  latter  into  the  substance  of  the  ten- 
don takes  place  at  an  oblique  angle* 

The  arrangement  of  the  tissues  is,  however,  essen- 
tially alike  iu  both  casea  Yet  for  all  thia  it  was  a 
long  time  before  conclusive  reaults  could  be  arrived 
at  here,  owing  to  the  want  of  suitable  modes  of 
manipulation. 

With  a  rectilinear  insertion  of  the  tendon,  there 
appears  to  be  no  sliarp  boundary  between  the  fleshy 
substance  and  that  of  the  connectlve^tissue,  so  that 
a  casual  observer  would  be  warranted  in  supposing 
an  immediate  transition  of  one  tissue  into  the  other  (fig.  291),  On  the 
other  handj  a  completely  different  appearance  is  presented»  where  the 
insertion  of  the  fleshy  fibres  is  oblique,  namely «  a  sudden  term i nation  of 
the  latter,  so  that  simple  agglutination  of  two  tissues  was  supposed  to 
exist  here  by  KoeUiker. 

Weismannt  on  the  other  hand,  succeeded  in  demonstrating  in  every 
case^  with  the  help  of  strong  solutions  of  potash,  the  sharp  termination 
of  muscle  fibret  against  the  tendinous  tissue.  He  showed  them  to  h*^ 
eoTered  also  here  with  sarcolemnia  (Üg.  292,  &),  and  to  end  rounded 
(^  Ä),  pointed,  or  obliquely  truncated,  and  so  on.  They  are  mei-ely 
cemented  to  the  tendinous  bundle  (c,  d)  at  this  point,  although  most 
securely.  Other  macerating  Üuids  may  be  made  use  of  with  similar  results, 
and  even  immersion  in  glycerine  may  produce  the  desired  effect  (^iWäc/ec^ 
and  Herzig), 

We  are  now  met  by  the  important  question  as  to  the  length  of  the 
contractile  fibres  of  muscles. 

Do  they  traverse  the  latter  in  their  whole  extent,  ox  do  they  terminate 
before  they  have  done  so  ? 

It  was  formerly  supposed  that  each  muscle  fibre  was  of  the  same 
length  as  the  muscle  to  which  it  belonged.  More  recently,  however,  the 
interesting  discovery  was  made  by  liolhfti  that  many  of  the  fibres  are  not 
obliged  to  pass  through  the  whole  extent  of  the  muscle  in  order  to  end  in 
a  tendinous  bundle,  but  that  the  termination  of  the  strongly  pointed  fibre 


FiB,  290.— Cipillaiy  net- 
work  of  Ji.  Btriped  irtEi«cl(i. 

vunoiia;    c    and    il,   the 
network  ol  cupUlari««. 
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may  take  pluce  rather  in  the  middle  of  tho  muÄcle  (fig.  277,  b),  ContiBUoua 
with  its  end,  and  playing  the  part  of  a  tendon  to  a  certain  extent,  we  üml 
interstitial  coniiective-tiasiie.  These  etatements  were  then  subgej^uenlly 
corroborated  by  ^*  //.  Wcb^r^  Biesmdeck}/,  and  Herzig,  Äelnj^  and  Krame^ 
who  met  with  rounded  and  pointed  forms  of  termiaalion  besidea 


fljt»  JUL  —  l>n  miurJ« 
Uttitdthm  Into  Ois  eoti" 
of  rhu  leniluti  {l)t 


rijf.  M2,— Two  muacJ«  fibre*  {a,  ^)  »fltr  ttvwt- 
mrnt  with  imlaUaii  ot  p<»tjiih.  Out  of  them  !• 
»tin  eotine-cted  wUh  n  tendlnombundl«  (e}^ 
the  ether  loqvned  frcnti  lU  «ttachtnent  t» 
Qfie  of  tlie  tAtt«ir  (d). 


We  can  also  cotiviuce  ourselves  that  the  opposite  end  of  tlio  fibres 
Ttmy  terminata  in  like  manner*  Krause  is  of  opinion  that  no  muscle 
fibre  excee<b  4  c.  m.  in  length,  and  that  those  which  are  apparently  longer 
oonstfft  of  two  fusiform  elements  adhering  together  {!).  Further  investi- 
gation appears  desirabtß  here.  In  short  muacles  the  Bhres  prolmhly  tra* 
veiMj  as  a  ntle,  the  whole  length  of  the  muscle«  In  the  longer  musclea 
of  the  frog,  also,  we  may  convince  ourselves  that  this  does  in  reality  talc« 
place  {Koeiliker^  Wfismaim^  KuJute). 

BkhabKSp— Tb«  vi^wi  which  w<?r#  fortni?rly  most  wiilt^ly  held  may  h«  snmngcd 
mndiT  two  hemdi.  Acoordin^  to  tho  first  of  tht*HP,  the.  ileshy  masa  was  directly  oon- 
tinnottn  Mith  the  tetidinous  bundka;  to  the  Aecondf  that  tb«  muscle  fibre»  tenrtinkting 
ftbniptly,  Wi4s  e^mbroeed  externally  nt  its  cud  by  the  flbics  of  the  tcmirni,  in  thd  n&m^ 
way  that  ttit  ün^r  of  one  hand  way  be  gmaped  by  tlie  tijia  of  thoao  of  the  otb*?r. 

Jim 

In  examining  ratiscalar  tissue  chemicall^^  we  should  be  able  to 
sepamte  its  easential  const» tu ents»  such  as  the  striped  fibres  and  con- 
tmctile  cells,  from  those  which  are  mere  accessories,  namely,  connectives- 
tissue,  vcsi^eb,  and  nerves*  Further^  wo  should  be  able  to  determine 
what  orgÄuic  and  what  inorganic  snhstances  enter  into  the  compogition  oi 
fibre  and  cell,  and  bow  they  are  distributed  ovex  nucleus,  envelojve,  add 
20 
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eontontA,     Finally,  we  should  nnolyae  the  Üuid  Baturatmg  muicles,  with 

ltd  nutriti^^e  matters  and  products  of  decern pomtion  resulting  from  tbe 
energetic  transformative  processes  going  on  in  the  tissue* 

Zoochemistrj^,  however,  of  the  present  day  is  iinabJe  to  meet  th^ai 
reqtiirementfi  of  physiology;   and  yet,  muscle  is  one  of  those  tissues 
which   has  ifeccived  most  attention  to  this  end.     In  the  year    1847, 
Lichig  preaented  us  with  his  elaborate  treatise,  and,  more  recently,  Kultm 
has  essentially  fu^rthered  onr  acquaintance  witli  the  mihject  by  his  elegant | 
experiments  on  the  muscles  of  frogs. 

From  the  already  mentioned  microcAemical  hearing,  we  gather  that  the 
aubstance  of  the  mrcous  elemenis,  of  the  longitudinal  and  of  the  transverse  > 
cement,  i^  to  he  recognised  as    three   distinct  materials  with  separata  | 
reactions.     We   have  still,  then,  the   nucleus,  insoluble  in  acetic  acid,] 
dark  trans veise  disk  of  Krmtm  (also  of  resistent  nature),  and  the  sarco- 
lemma,  with  its  reactions  so  similar  to  elastic  tissue  (but  greater  solubility 
in  alkalies) ;  so  that,  taken  in  aU,  there  is  very  conaiderahle  corn|dexity  to 
bo  coped  witk 

The  specific  gravity  of  striated  mtiscle  is  stated  to  lie  between  1  -055 
{G  Kramc)  and  1*041  (W.  Krmtm  and  Fimher\^  while  the  proportion  of 
water  contained  in  it  ranges  from  78  to  72  per  cent.  (I),  This  water  belongs 
first  of  all  to  the  tissue  of  the  fibres,  then  to  the  other  structural  con- 
stituents scattered  among  the  latter,  and  finally,  to  the  fluids  with  which 
the  whole  mass  is  saturated,  the  amount  of  which,  however,  is  not  yet 
known.  This  latter  has  been  named  the  '*  muscle  plasma."  Like  the 
plasmatic  fluid  of  the  blood,  it  loses,  on  the  death  of  the  muscle  and  con- 
sequent *' spontaneous '^  coagnlation  as  it  is  cal Led,  an  albuminous  substance 
and  becomes  **  muscle-serum  "  {Kühne), 

The  juice  of  living  muscle  has  a  distinctly  alkaline  reaction  {Du  B00- 
Reymond)*^  that  of  the  dead  tissue,  or  that  affected  by  rigor  mortis,  isKJtd 
{Lühig). 

From  the  solid  constituents  of  muscular  tissue,  which  amount  to  somerj 
where  about  20  per  cent.,  we  have  first  a  varying  quantity  of  gluHnimA 
matter  to  deduct,  which  belongs  to  the  commingled  connect! ve^tiasue* 
About  from  0*6  to  2  per  cent,  of  glutin  may  he  obtained  from  fresh  mnsiule. 

The  fresh  tissue  then  contains^  to  the  amount  of  15-18  per  cent,,  a  series 
of  albuminous  matters^  P^^^y  soluble  and  partly  in  sol  able,  wttli  which 
we  are  still  but  imperfectly  acquainted.  These  are  in  the  first  place  con- 
stituents of  the  juices  of  the  tissue,  then  again  of  the  fleshy  fibres  of  the 
latter.  The  soluble  members  of  the  group  are  for  the  most  part  remark« 
able  for  their  coagulation  at  a  low  temperature  (35-50°  CI)»  a  property*! 
which  is  to  be  met  with  only  in  those  of  the  contractile  substance  of  the 
system, 

Küfme  has  obtained   the  spontaneously  coagulating   album inon«  »ub- 
atance  of  the  plasma  from  the  muscles  of  frogs,  and  has  named  it  myonrt 
(I  12).     It  is  the  congelation  of  the  latter  "which  cororannicatea  to  th<iJ 
fibre  of  muscle  its  cloudy  appearance  on  rigor  mortis  setting  in,     ThsJ 
coagulum  of  myosin  is  insoluble   in  water,  but  solctble  in  solutions 
common  salt,  which  contain  less  than  10  per  cent  of  ClNUf  likewise  iill 
dilute  acidji  and  alkalies^ 

Three  other  albuminous  Bubatance»,  besides,  may  be  obtained,  according . 
to  the  same  observer,  from  muscle  serum,  namely,  tlie  so-called  alhamina 
of  potash«  a  second  msiterial,  coaguhiting  at  45^  C,  and  a  tldrd,  whie&,| 
requLTGS  75*  C*,  before  the  latter  process  takes  place  in  it 
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If,  on  the  other  Hand,  muscle  be  treated  with  a  veiy  dilute  »olution  of 
hydrochloric  acid  (1  :  1000),  another  moilifieation  of  th«  alhaminato  group 
\ä  obtained,  from  the  members  of  the  latter  contaiaed  in  it,  namely, 
&i/ntomn.  This  body  i^aa  formerlv  Banied  "  muscle  tibrin/'  until  LiMg 
prove  its  difference  from  fibrin.  It  may  be  obtain ei],  nioreuver,  by  a 
similar  process,  frooi  other  alb  u  mi  nous  mattera,  aüd  ia  probably  also 
formed  physiologically  by  the  aclioa  of  the  at:id  gHStric  j^ice  during 
digestion. 

The  quantity  of  syntonin  varies  very  much  iti  the  mugcles  of  different 
animals  {LivhuJ)^  and  we  are  taught  further,  by  the  mierügt^upic  i^ootrol  of 
the  fibre  ejigagad  in  solution,  t!iat  we  have  here  to  deal,  not  witb  a  simple, 
but  with  a  compound  matter,  consisting  of  thrcu  subslaiices, — firet»  the 
longiludiiml  ceuK^iting  medium,  which  falls  the  firet  prey  lo  the  solvent 
action  of  hydrochloric  acid,  and  then  tlie  sarcous  eleiueijls  and  transverae 
eumenting  sabatance,  which  are  probably  not  simultauenas  in  their 
solution.  Besides  these»  there  remains  over  in  the  sarcoleroraa  a  slimy 
granular  residue  with  fatty  molecules. 

Neither  nucleus  nor  sarcolerama  yield  any  of  this  syntonuh  The  first 
affords  no  glutin  {Sehtrer^  KmfUker)^  hut  consists  of  a  substance  nearly 
allied  to  elastin^  but  differing  fr<»ra  it  in  its  snndler  power  of  resistance  to 
reagents;  Ihe  latter  resists  the  action  of  dilute  hydrochloric  aeid  for  days 
in  the  most  determined  manner  (fig.  277,  5,  ii,  6),  but  gives  way  on  the 
other  hand  to  strong  alkaline  solutions. 

Like  all  other  tissues^  muscle  contains  /«#,  but  in  most  varinhl© 
quantity.  A  certain  proportion  of  it  may  be  set  down  to  the  cells  of  the 
nerves  and  fat-cells  of  the  fleshy  mass,  but  a  certain  amount  belongs  to 
the  fibres  themselves. 

By  means  of  washing  and  expression,  about  C  per  cent  of  constituents, 
soluble  in  cold  water,  niay  be  extracted  fn>m  the  dead  muscles  of  the 
mammalia»  They  are  of  very  various  nature  and  great  physiological 
interest  In  the  liquid  so  ohtainod,  which  is  of  reddish  colour,  opaque, 
aud  of  stiTingly  acid  reaction,  we  encounter,  in  the  first  place,  a  not  incon- 
siderable proportion  of  soluble  alhunrinoids,  amounting  in  the  fresh  tissue 
to  2-3  per  cent 

We  obtain  in  the  first  place,  then,  the  red  colounng  matter  of  the 
muscular  fibres  in  solution,  which  is  identical  with  that  of  the  blood 
{Kühne],  and  with  which  the  tissue  is  saturated  during  life.  The  tint  of 
ftdpcd  muscular  tissue  is  more  intense  than  that  of  unstriped  fibres,  and 
If,  as  a  rule,  only  present,  with  any  degree  of  markedness,  among  the 
higher  vertebrates,  whilst  the  fie^h  of  the  lower  members  of  this  group 
appears  in  general  hut  slightly  reddened,  or  even  quite  pale. 

Beiides  this,  the  juice  of  muscle  contains^  as  shown  by  Lkhlfi^  a  series 
of  important  products  of  decomposition,  which  were  known  to  earlier 
inveatigators  as  **  extractives."  Among  these  there  appear,  in  the  first 
placOj  several  azotised  substances  The  first  of  these  is  h'Cfdm  (p.  44), 
whose  amount  is  usually  small,  existing,  it  is  generally  supposed»  in  largest 
quantity  in  the  heart  It  varies  also  in  diflerent  species  of  animals, 
and  is  more  abundant  in  lean  than  in  fat  hodies,  and  likewise  after 
muscular  eiLertion,  A  hundred  parts  of  fresh  human  muscle  contain, 
according  to  SMfmberger,  0  0 6  of  kreatin  (in  the  horse,  0'07j  according 
to  Liebigi)^  while  the  heart  yields  0*14  per  cent  The  next  of  the  sen«« 
Is  kreatniin  (p,  45)  (nearly  aUied  to  the  last),  whicli  appears  to  occur  in 
«maJlcr  quantity  than  the  kst.     Its  occurrence,  however,  appears  doubtful 
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from  Ncnhaur's  investigation«.  Then  we  find  lajpoxaniJiin  (p.  43). 
Bireckcr  states  tho  amount  of  the  last  of  these  to  be  only  0  022  per 
cent,  in  the  fresh  flesh  of  oxen.  Id  addition  to  theae»  a  fourth  substance, 
mardhxn  (p.  43)  ia  supposed  by  Scheret  and  Siuedeler  to  exist  in  the  fleah 
üf  maiuroals.  A  new  substance,  discovered  by  Weidel  in  LwbiyU  extract^ 
may  also  be  mentioned  here,  to  which  the  name  of  camin  has  been  given. 
U're:i  is  not  iijinally  present  in  human  muscle ;  t^rosin  and  leucin  are  alao 
aböent  (2)*  The  muscles  of  embryonic  pig9  of  two  Inchea  long,  however, 
contain  J  besides  kreatiny  a  moderate  amount  ot  ley£iH. 

In  n;UHt;ular  tissue  also  there  is  a  peculiar  species  of  spurious  angar, 
which  has  been  named  Inodie  (p.  33),  and  which  has  up  to  tho  present 
o^Y  hee»  met  with  in  the  substance  of  the  heart,  According  to  VaUn- 
timr^  it  appears  to  be  a  normal  constituent  of  the  muscles  of  drunkards  (3). 
Skiedchr  met  with  it  also  in  the  muscles  of  dogs.  Meis&ner  haa  likewise 
demonstrated  the  presence  of  a  kind  of  sugar,  "  muscie  sugar^'  peculiar  to 
muscle^  in  the  flesh  of  the  five  classes  of  vertebrata^  although  as  yet  no  one 
has  succeeded  in  obtaining  it  in  a  pure  state.  It  is  a  matter  of  some 
interest,  further,  that  the  embryonic  muscle  hbre,  as  well  as  the  contractile 
fibre -cell,  buth  eon  tain  glycogen  {Rougd,  Benifird,  and  Kü/tm);  but  it 
appears  ^ao  to  be  regularly  present  at  a  later  period  {0.  Nam*^. 

In  that  the  muscles  of  phytophagous  man^raab  contato  d^jFirin^  the 
occurrence  of  this  muscle  sugar  is  easily  explained. 

The  series  of  organic  acidjt  is  no  less  coiisidcrable.  In  the  first  place,  wo 
have  0  C-0  7  per  cent.  %if  jmmlactic  odd  (p.  34) — the  soui-ee,  apparently^ 
of  tl)e  acid  reaetioa  of  dead  muscle.  It  was  formerly  sup|>osed  with 
[Achi{f  tliat  it  was  a  component  of  every  living  musele  also,  but  Dti  Bok-^ 
IliVjrjwwi  showed  later  that  the  plasma  of  quiescent  or  moderately  active 
muscle  has  a  neutral  or  wcaldy  alkaline  reaction,  and  ordy  becomes  acid 
when  the  structure  has  been  called  on  for  immoderate  exertion.  On  the 
other  hand,  after  the  death  of  the  muscle,  which  is  ushered  in  by  rigor 
mortis,  the  fluid  of  its  parenchyma  becuraes  rapidly  acid  by  virtue  of  tho 
preaeace  of  free  lactic  acid.  As  to  the  particular  constituent  of  the 
muscle  from  which  this  acid  has  its  origin,  we  are  at  present  unable  to 
answer  anything  with  certainty. 

Besides  this,  we  meet  with  ijio8ini(^  acid  (p,  3C),  accorslirig  to  Liebifjt 
about  which  but  little  is  knö^vn,  and  which  appeari  also  in  very  small 
quantity.  Schlosaber^erj  however,  w*as  unable  to  discover  it  in  human 
flesh.  Further,  muscle  juice  contains  of  the  volatile  fatty  acid  group 
huh/riCy  aceiif.^  and  fi/T^nic  acidg.  Uric  arid  was  only  once  met  with  by 
Lkhifj. 

Finally,  the  mineral  ctinstifneJifs  of  muscle  (uf  the  tissue  as  well  as  con* 
iained  fluid)  are  very  peculiar.     X'he  sanic  compounds  aa  those  occurring 
in  the  jilasma  of  blood  are  certainly  met  with,  but  in  completely  d iff rrent 
proportions.      While  in  the  latter  the  combinations  of  soda  prepooderate, 
muiäcle  tissue  shows  the  greatest  poverty  in  soda,  and  an  excess  of  potash. 
In  contrast  also  to  the  plasma  of  blood,  the  phosphatic  salts  exceed  in 
muscle  the  combinations  of  chlorine  by  a  large  amount,  the  greater  part 
of  tlie   phojsphoric  acid  being  tinited   with  potash,  and  the  proportion  , 
of  chloride  of  sodium  appearing  but  very  inconsiderable.     In  eonclusion,  | 
among  the  combtuations  of  phosphoric  acid  with   earths,  we  find  th#  < 
megnesian   phosphate   exceeding   in  amount   the  corresponding  salt  of 
calcium.    Iron  is  abo  contained  in  flesh  in  a  small  quantity.    The  ahaence 
of  fiulphatea  is  rather  rcmfirkable. 
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Wlien  tbe  question  ia  starte*!,  Wliertj  are  we  to  suppose  these  mineral 

I  ©onstitucnta  to  exist,  whether  in  the  fibre  or  its  nutritive  fluul?  the  fol- 

I  lowiog  fact  may  be  borne  in  miud,  that  the  proportion  of  sajts  soluble  in 

^  water  which  are  present  in  flesh  is  very  considerable,    Th«  former  amount 

'  Aceoräing  to  Chevreui^  to  81,  and  to  Kdler,  to  B2'2  per  cent  of  the  whole 

aah,  while  the  quantity  of  phosphate  of  calcium  is  stated  to  he  5-77, 

and    that    of   magnesian   phosphate    13-23    per   cent.      Of   course    a 

larger   proportion  of  potash   compounds   must   occur  in    the   fluid   of 

muscle  than  in  the  fibre  itself,  whereoa  the  latter  is  richer  in  phosphatic 

earths. 

Living  muscle  contains,  further,  carbonic  acid  and  ox^gmt  gases.  The 
latter  is  absorbed  by  it  so  long  as  its  vitality  exists,  while  carbonic  acid 
ie  generated  within  it  as  a  product  of  decomposition,  whether  blood  be 
conveyed  through  iL  or  no.  The  amount,  moruover,  of  the  latter  iiicreajBes 
with  the  use  of  the  muscle,  which  appears  to  ho  one  of  the  most  import- 
ant sources  of  ihis  ultimate  product  of  mutatifm  in  the  body. 

Smooth  muscles,  with  the  con  tractile  »uhstance  of  their  cell  body  and 
their  nuclei,  manifeat  less  couiplicaticia  than  those  forrae<l  of  striated 
libres,  hut  appear  on  account  f>f  their  smaller  hulk  less  suitable  objects 
for  chemical  invoatigation.  Their  composition  appears,  moreover,  to 
be  the  same  as  that  of  the  striped  tissue,  Syntonin  has  naturally 
been  obtained  from  them  also  {Leh7nann).  Further,  in  their  juices 
tlbuminous  substances  have  been  found — kreatin,  hypoxantkin,  lactic, 
acetic,  formic,  and  butyric  acids.  Here  also  the  potash  combiimtioiis 
predominateu 

R^MAaikS.— 1.  Dibra  sUte«  the  proportion  at  WÄter  in  The  liumau  mu$^le  to  be 
©nly  72-74  percent.,  ils  opposed  to  the  nsttal  figure's,  77^78.  2.  Among  the  fishes 
we  find  the  Qiujtcular  i'i&mm  of  the  plagio^tomiL  to  cmitain  ünormC'U^  iiuantitie»  at  urea 
[iSiaedtter  atid  Freridt^  in  Enim/inns  J&urnal,  Bd.  73,  p.  4^,  arul  BcL  7^*  p.  58).  3* 
Th^^EueobiKrvers  fcund,  further,  a  itubstaace  very  &iiuiliLr  t<}  iuoäite  la  thetuuficlea  of 
the  plagiostonia  j  this  h  aained  **sq/UiV^ 

§  17L 

In  regard  to  tho  many  physiological  and  physical  properties  of  the 
tisHue,  a  few  points  only  need  be  touched  on  here. 

Qmcscent  living  muscle  displays  a  high  degree  of  extensibility,  return- 
ing almost  completely  to  its  original  length  as  soon  as  the  extending 
force  is  suspended ;  it  has  slight,  but  very  perfect  elasticity.  The  active 
ibre  is  still  more  extensible,  i.e.,  its  elasticity  has  undergone  diminution. 
^'The  dead  muscle  fibre  possesses  much  lees  capability  for  being  extended, 
and  return  to  its  original  length  does  not  take  place. 

The  living  structure  possesses  electromotor  properties,  and  presents 
the  so-called  '*  muscular  stream,"  in  the  study  of  which  Drt  Bou- 
Mtymond  has  lately  done  so  much.  We  cannot  here  enter  upon  its 
differences  during  quiescence  and  activity  of  the  muscle.  The  latter 
ym  to  possess  electromotor  properties  so  soon  as  its  vitality  is  at  an 
head. 

The  most  iin|>ortaiit  property,  however,  of  the  living  muscle  fibre 
(ethped  and  smooth)  is,  that  it  contracts  on  stimulation  of  the  motor 
aervca  terminating  in  it,  decreasing  in  length,  and  enlarging  it  in  a  trans« 
le  direction.  The  nature  of  this  pecoliar  property  inherent  in  muscle — - 
whether  it  be  itself  capable  of  being  excited,  or  only  through  the  medium 
of  the  nerves  which  end  in  it — has  been  now  for  many  years  the  subject 
of  pliysiological  controversy. 
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TLe  kind  of  contiaction,  again,  varies  aeeor^liiig  to  the  kiitologic 
elements  with  which  we  are  engflged.  In  striped  tibrea  we  observed  it  to ' 
commence  almost  simultaneously  with  the  application  of  the  excitant  to 
the  nerve:*  of  the  part,  ceasing  very  mpidly  again  on  cessation  of  the 
atimulnSj  and  giving  way  to  relaxation.  The  reverse  may  be  observed  in 
smooth  musck.  Here  an  appreciable  interval  of  time  is  remarked  be* 
tween  the  applieatioa  of  the  »timulus  and  contraction,  while  the  latter 
outlasts  the  action  of  the  excitant  for  some  moments-  the  fibre  reassum- 
ing  graduHly  a  condition  of  quiescence,  ITiia  is  evident  in  the  motions 
of  whole  groups  of  animals,  and  also  in  those  of  individual  organs,  as  in 
tite  iris  of  birds,  made  up  of  striped  fibres  ia  contrast  to  that  of  hunmn 
beings  and  mammals  generally,  in  which  the  former  are  smooth.  With 
us  it  is  the  striated  übres  alone  which  obey  the  infiaence  of  the  will 
in  their  rapid  and  precise  action. 

In  the  rectilinear  muscle,  with  the  aid  of  the  microscope,  we  see  dnrin 
contraction  the  longitudinal  strife  become  less  dietinct,  and  eventtiaUi 
disappearing,  while  the  tnansverse  markings  become  clearer  and  clearerJ 
It  would  naturally  be  a  great  point  achieved  could  we  ascertain  preciselj 
liow  the  elementary  particles  of  the  active  fibre  arc  affected  by  this,  and 
especially  how  the  dark  zones  behave  in  relation  to  the  clear.  It  appears«^ 
however^  as  though  the  former  approached  eacl^  other,  while  tbe  clear  zones 
decreased  in  height.  These  points  are^  bowever,  still  too  doubtful  for  ua 
to  he  able  to  draw  any  great  conclusions  from  them.  We  regard  it  as  not 
improbable,  however,  that  tlie  sarcous  elementa  may  be  relatively  immut- 
able, as  compared  with  the  particularly  contractile  longitudinal  cement- 
ing medium.  According  to  Amici^  observations  on  the  muscles  of  tha 
i^mmon  fiy,  the  elongated  ilashj  particles  appear  to  assume  an  oblique 
podtion  at  tbe  moment  of  contraction.     Thiä  we  have  ourselves  seen« 

According  to  the  most  recent  observer,  W.  Engelmann^  the  »eat  of  the 
contracting  force  is  exclusively  the  dark  {animtropic)  layer*  The  tr&ni- 
parent  {im:itropic)  transverse  zone  is  either  contractile  in  a  minor  degree,  or 
only  elastic  probably,  Eke  the  dark  transverse  disk  of  Krause,  While 
the  vol u mo  of  the  muscle  casket  enclosed  between  two  of  the  latter  does 
not  become  appreciably  lessened,  the  dark  transverse  zone  at  t!ie  niouieut 
of  contraction  increases  in  bulk,  the  clear  lk?comes  less  voluminous  ;  the 
first  swells,  the  last  shrinks,  bo  that  an  overflow  of  fluid  takes  ph 
Besides  tbis  tbe  first  becomes  clearer  and  soUer,  the  latter  darker  and 
more  solid. 

The  sarcolemma,  owing  to  iU  elasticity,  follows  the  changes  of  form  in 
the  fibre,  tightly  investing  tbe  latter  throughout.  That  the  tntnsveKe 
striiB  are  not  produced  by  wriukles  across  its  substance  was  recügnised 
long  ago.     The  motor  nerves  will  be  referred  to  in  a  future  cbapter. 

It  la  a  matter  of  far  greater  diflficnlty  to  obtain  a  view  of  tbe  con  tract  Qaj 
fibre-cell,  or  nnatnped  fibre,  in  the  moment  of  contraction.     Accordinfl 
to  Ueidenhain,  each  element  (at  least  among  invertebrate  animals) 
comes  likewise  aimultaneously  and  evenly  thicker  in  all  its  parts,  with  \ 
corresponding  decrease  in  length. 

As  to  the  rigor  mortis  connected  with  the  death  of  mu^ele,  on  which 
an  albuminous  substance  contained  in  the  latter  undergoes  coagulation  ^ 
while  its  reaction  becomes  acid,  the  microscope  has  added  but  littl#  1 
our  knowledge.     The  dead  fibre  appears  more  rigid  and  dull,  and  le 
transparent  than  durbg  ]i£e, 
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Taming  now  to  the  devciopment  of  the  tiggu^  we  find  imaoth  rati  sole  tti 
Itiika  iU  rise  from  tlieBimplcs  transform  a.  ti  on  of  routid  formativö  cells  with 
I  »pheroidal  Tesicular  nuclei  of  the  middle  germinal  plate.  These  element« 
chaiige  into  contractile  fibre-cella  by  growtli  m  two  opposite  directions, 
during  which  the  nucleus  aaaunies  iU  before^mentioned  elongated  con- 
figumtioii  (pw  281).  Fig.  273  (a,  h)  represents  two  such  omhrjonic  cells 
from  the  Willi  of  the  stomach  of  a  fcetal  pig  two  inches  long. 

Touching  now  the  striated  structures,  it  was  for  a  long  time  supposed, 
in  accordance  with  Schwann's  Tiew,  that  the  fibre  waa  always  produced  by 
&  fuaioti  of  formative  cells  arranged  in  rows,  whose  united  membranes 
went  to  form  the  sareolomma,  while  the  nuclei  persisted,  and  the  com- 
bined contents  of  the  cells  took  on  the  eharacteristic  form  of  ßeshy  matter 
through  further  metomorphostÄ. 

But  this  view  is,  as  we  now  know  for  certain,  qnite  erroneous.     The 

nius4:ubr  lib  re,  far  from  being  a  result  of  the  fusion  of  a  series  of  cells,  is 

nothing  more  than  a  single  elongated  fiHforra  cell,  in  which  the  nucleus 

^hm  «ndergone  division  and  muUi plication,  and  the  contents  metamor- 

jibosis^  and  which  has  attained  gigantic  dimensions  in  proportion  to  the 

^length  of  the  striped  muscle.     We  have  already  referred  to  this  mode  of 

'development  (for  the  discovery  of  which  we  are  indebted  to  Lcbfiri  and 

Rtmak)  in  discussing  the  growth  of  the  tadpole  (p,  96). 

In  the  mammalia  and  human  beings  the  same  is  to  be  observed.  Here 
we  may  follow  up,  in  young  embryos,  the  steps  in  development  of  the 
tissue,  which  are  essentially  similar. 

Thus  in  the  human  fcstus,  at  about  the  sixth  or  ei^^bth  week^  very 

narrow  membraneless  and  fusiform  cells,  often  only  0 '00^5-0  "0036  mm. 

in  breadth,  are  met  with  as  elements  of  tbe  rudimentary  muscle  of  the 

[hands  and  feet     They  are  formed  of  very  delicate  protoplasm,  with  a 

^tingle  or  double  vesicular  nucleus,  and  attain  a  length  of  0*14-0*18  mm. 

{KoeUiker^  Fret/). 

The  same  is  to  be  seen  in  mammalian  embryos  at  corresponding  stages 
rof  development.     In  those  of  the  sheep,  measuring  2T-9  mm,  in  length 
(fig,  293),  we  may  obtain  from  the  diaphragm  and  abdominal  mumble«» 
fusiform  celk  0^2S-0  3Ö  mm.  long,  and  0-0ü46-0*0e8  mm.  in  breadth. 
These  show  a  vesicular  nucleus  0*0017*0-0104  mm.  in  diameter,  and 
iiiciptetit  transverse  striaiion  in  the  central  jiortion  (a,  6).     These  nucleic 
range  in   number  from   two  to  four,  hut  other  cells  further  advanced 
&e«8  many  more  of  the  hitter  (c),  and  increase  in  transverse  diameter  to 
j  double  or  even  more  (d).     As  a  rule,  their  axis  remains  unaffected  by  the 
f  tmnsverse  st nation,  and  in  it  we  see  the  original  protoplasm.     In  some- 
I  what  older  animals  tbe  muscular  fibre  is  0*0129-0*0156  mm.  in  thickness, 
k  and  so  long  that  it  can  no  longer  be  isolated  in  Its  entire  length,  although 
the  pointing  of  one  end  (p)^  or  blunt  mounding  off  of  the  üime  {/),  may 
be  easüj  found.      The   number   of  nuclei   now   becomes   greater   and 
Igreater,  and  tbe  procenH  of  division  is  ohserved  as  an  ordinary  occurrence 
"  (e,/,  ^).     Sometimes  the  position  of  the  former  is  central  (/,  i/,  i)  mul 
I  K>metimc9  peripheral  (h).     The  axis  of  the  libre  generally  remains  free 
fmxn  transverse  murking  (/,  //,  y),  whUe  at  its  circumference  the  longitu- 
dinal cleavage  commences  to  manifest  itaeli\    The  tendency  among  muscles 
of  this  kind  to  break  up  into  thick  discs  under  the  action  of  water  (t)  is 
m  point  of  much  interest 
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Fcetnl  muscle,  as  already  remarked,  eontaiiiB  glycogen,  but  at  firH,  before 
the  embryonic  cells  have  began  to  undergo  their  chara<;teristic  traaBfot- 
mation  into  fibres,  tliis  substance  is  entirely  absent,  according  to  the 

intereeting  investigations  of  Büf^ 
nard  and  KtUm^..  In  amooth 
nucleated  fibre«  it  pre^enU  itself 
as  a  granular  matter  deponited 
around  llie  nucleus.  Raupet,  how- 
ever, asserts  that  it  f^nlj  occurs 
diflfusely,  l^itt^r  on,  with  the  de* 
velopment  of  tlie  trans  verge  strife 
and  appeatance  of  the  chamcteriatic 
muscular  structure,  the  fibre  is  in- 
filtrated with  glycogen,  which  per- 
sists until  birth,  disappearing 
rapidly  on  the  commencement  of 
respiration. 

As  yet  we  have  not  said  one  word 
as  to  the  origin  of  the  structure- 1 
less  envelope,  the  mrcolenima.  In 
earlier  yesoB,  supposing  the  for- 
mative  ceU  to  be  endowed  with 
an  envelope,  this  sarcolemma  was 
looked  upon  very  generally  as  be- 
ing the  metamorphoaed  ci:dl-mem- 
bmne  of  the  former.  But  now 
that  we  have  convinced  ourselves 
that  no  such  envelojje  exists  upon 
the  formative  cell,  such  a  view  cmn 
no  longer  be  entertained.  At  tlus 
present  we  find  two  the<jries  very 
j^enerally  held  In  regard  to  this  < 
|H)int,  According  to  one,  the  ear-  ' 
colemma  ia  a  hardened  secretion 
from  the  cell,  of  the  sumo  nature 
as  the  so-called  cuticular  forma- 
tions ;  according  to  the  other  (and 
we  are  inclined  to  favour  thii 
view)  this  structureless  i heath  ii 
a  connective-ÜBSue  formation  laid 
down  on  the  muscle  libre  from 
without,  which  may  !>e  compared 
to  the  elastic  bounding  layers  of 
many  connective-tissue  struct  urea 
That  the  end  of  the  muscle  fibre  C4in  l>e  separated  with  its  envelope 
from  the  t^nilon,  as  we  have  seen  at  p*  294,  appears  to  us  to  he  no  very 
weighty  objection  to  this  view.  Do  we  not  also  see  elastic  fibres  aepn- 
rating  themselves  from  conn ective-tiasue  bundles?  and  yet  they  h^ve  both 
the  same  origin. 

The  branching  muscular  elements  of  the  heart  correspond,  we  are  nasui^ 
by  Eoeitiker,  each  to  a  metamorphosed  stellate  cell^  and  the  whole  to  a 
cellular  network,  Wemnannj  hoM^ever,  is  opposed  to  this  theory  from  his 
own  observations.     In  his  opinion  the  muscular  bands  consist  (and  of 
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tliis  we  may  eonTitice  oureelves  very  easily),  in  lidhea  aiid  ampliibia,  ()f 
aggregations  of  simple  elongated  fusiform  and  at  times  branching  cells« 
The  same  i&  the  case  in  the  embryos  of  the  higher  vertebrates.  In  th« 
Ititttr,  however,  these  cells  unite  mare  intimately  at  a  subsequent  period 
to  Ibrm  til©  common  enhstancfl  of  the  band.  But  we  may  etui  render 
the  boumlartes  of  Uie  various  cells  visible  here  also  by  artificial  means 
(Merih). 

§ira 

li«t  U3  now  turn  to  the  growth  of  muse  la 

Embryonic  muscular  tibres,  as  we  have  already  mentioned  in  the 
pt^viuus  section,  are  considerably  finer  than  those  of  the  infant^  and  their 
diame^r  in  tbe  latter  h  far  less  than  in  the  adult. 

According  to  Hart  im/»  accurate  measurements,  the  muscle  fibres  of  the 
adult  appear  about  five  times  as  thick  as  at  the  time  of  birth.  This 
increase  in  length  and  breadth  is  brought  about  by  the  reception  of  new 
particles  between  those  already  present  in  the  fieshy  substance,  or,  as  it  is 
the  custom  to  say,  by  intussusception. 

But  the  übres  of  growing  muscle  become  not  only  laiTger,  but  their 

number   also    increases,    as  was    demonstrated   beyond    gainsaying    by 

Bud(fef  by  experiments  on  the  sural  nmscles  of  a  frog*i  leg,     We  ore 

indebted  to  Wemfiann  also  for  further  interesting  infomsfttion  on  the 

oe  point     According  to  the  la^t named  observer,  the  growth  of  the 

»of  frogs  Ukes  place  only  in  part  through  increase  in  thickness  of 

MPS  originally  present ;  there  occurs,  besides,  a  considerable  augioen- 

&tioit  of  the  number  of  the  latter  by  a  process  of  longitudinal  division. 

This  process  is  ushered  in  by  an  active  proliferation  of  the  nuclei  or 

muscle  cori^uscla'^  (Muakelkijrperchen)  in  the  old  fibre,  so  that  we  scon 

meet  with  regular  columns  of  the  former  arranged  one  over  the  other, 

while  the  fibre  itself  becomes  flattened  and  widened.     Subsequently  to 

this  the  fibre  splits  into  two  threads,  in  each  of  which  the  process  just 

described  is  repeated,  so  that  out  of  one  old  muscle  element  a  whole 

group  of  new  ones  eventually  ti^kes  it^  rise.     Each  of  the  new  fibres 

I  then  attains  its  typical  diameter  through  that  growth  from  within,  which 

'has  already  been  referred  to. 

In  full-grown  frogs,  also,  during  their  winter  torpid]  ity,  we  may  see  a 
lively  regeneratioUj  with  fatty  degeneration  of  the  previously  existing 
1^  use  la  fibres  ( W(itich).     In  this  case,  likewise,  the  same  process  of  multi* 
Iplieation  was  observed  by  Weimiann. 

Great  interest  attaches  further  to  a  discovery  made  by  L^nkiTj  that  an 

•  €3Ctensivo  destruction  of  human  muscle  fibres  takes  place  during  typhus 

fever,  combined  with  mpid  mtUti plication  of  the  mu&.'le  corpuscle»  and 

connective- tissue  celK     This  is  due  to  a  peculiar  degeneration,  and  is  foK 

lowed  by  energetic  regeneration  of  the  elements  on  recovery.     The  pro* 

I  cess  isi  proliably  the  same  as  that  observed  in  the  hihernating  frog. 

This  luxuriant  growth  of  the  muscle  corpuscles  take^  place,  besides,  in 
other  states  of  irritation  of  the  tissue. 

Prom   these  facts,   few  though  ihej  be,  we  may  infer  that  musclr» 
Ihres  are  by  no  means  so  persistent  structures  as  was  formerly  tacitly 
P«greed  to. 

The  nterus  of  pregnant  women  offers  us  a  good  opportunity  of  setting 
on  foot  interesting  inveitigations  as  to  the  nature  of  the  growth  of  the 
demenU  of  unstriped  muscle.     As  is  well  known,  the  organ  in  question 
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increafles  enormaiialy  in  yolame  at  certain  Umes,  a  fact  which  depends 
chiefly  on  changes  in  its  muscular  tissue.  The  contractile  fihre-celk 
become  enlarged  to  7-11  times  their  onginal  length»  antl  to  2-5  of  their 
hrcadtli  (Kodiiker)*  Eeaides  this,  there  takes  place,  according  to  Ihe 
same  observcrj  a  reproduction  of  cells  also* 

After  parturition  a  decrease  in  the  size  of  the  contractUe  cell  hegins  to 
be  apparent^  with  which  it  returns  in  about  three 
^eeks  to  its  origuuil  dimetision^  Eatty  in  filtra- 
tion of  the  Bubstatice  of  th^  latter  during  this 
period  is  of  frequent  occurrence,  aod  we  may  also 
accept  as  a  certainty  the  re^oltition  of  a  certain 
number  of  the  muscular  elements  also, 

That  there  really  may  be  such  a  thing  as  a  phy- 
siological hypertrophy  of  the  striped  fibres  can 
hardly  b©  doubted  any  longer  since  Auerbojch's  dia- 
eoreriefl; 

In  hypertropbied  hearts  it  was  stated  by  Hepp 
long  ago  that  thickening  up  to  four  times  their 
original  size  took  place  in  the  fibres.  It  would 
appear,  however,  that  there  is  really  only  a  mnlti- 
plication  of  the  fibres  here  {perhaps  by  longitudinal 
division). 

Pathologicai  hypertrophies,  however,  of  im- 
striped  muscle^  amounting  even  to  the  formation  of 
tumours,  are  of  frequent  occurrence,  Tbey  affect 
parts  which  are  richly  supplied  with  this  tissual 
such  as  the  asophagns,  stomach,  and  uterus*  Their  genesis  requires  to  be 
made  the  subject  of  more  a^^curata  itivestigation  than  has  as  yet  been  the 
case.  That  a  transformation  of  connective-tissue  cells  inio  contractile 
elements  takes  place  is  at  least  probable  (Aehif^  Arnold,  Kocllfker), 

Finally,  w^e  meet  with  an  atrophy  of  muscle  libres  or  di3ai>pearance  of  the 
Bime.  In  the  grst  place,  thi^  ia  encountered  as  a  more  or  le^  normal  pheno* 
menon  in  old  age.  Then,  again,  it  appears  more  he- 
quently  under  pathological  conditions  as  a  diminu« 
tion  in  the  diameter  of  the  fihre  (as  in  paralysis  of 
various  members),  combineJ,  to  a  certain  extents,  with 
fatty  degeneration  of  the  hhre  or  development  of  in- 
terstitial fat-cells.  Tlie  latter  (fig.  294)  have  been 
already  discussed  {$f  122  and  1G9)«  If  this  latter  prc»^ 
eess  proceed  to  too  great  length,  it  may  jiossibly  inter- 
fere  at  last  with  the  functions  of  certain  portions  of 
muscle  throufrh  pressure,  a«,  for  insiance,  in  the  heart. 
11) e  deposit  of  small  molecules  of  fat  in  tlie  interior  of 
fibree  ia  of  frequent  and  normal  occurrence  when  the 
quantity  of  the  former  does  not  become  too  great. 
Thus  we  meet  with  it  in  the  muscle  of  the  heart,  and 
in  the  Irog  in  the  muscles  of  the  extrenittiea  ($  106). 
In  a  greater  degree  it  must  be  lo^iked  upon  as  a  pbeuo- 
menon  of  retrograde  development  (fig.  295),  of  patho* 
logical  significance.  But^  on  careftilly  learehtng 
through  healthy  muscles,  w^e  will  always  encounter 
certain  fibres  containing  a  consideralde  amount  of  fat  grannie«  of  tide 
kind,  and  not  nnfrequently  abo  a  diminution  in  tlikknesa^  so  that  it  ia 
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probable  that  a  physiological  decay  with  fatty  degeneration  also  takes 
plai^Q  to  $k  limited  extent 

CttieiticatiQn  of  this  tiij^ue  ia  rarely  seen, 

Keopljiiib  of  fltripeti  mntcle,  at  points  where  it  did  not  previously 
exist,  is  of  %^e.ry  im frequent  occurrence.     A  certain  number  of  those  iaw 

lee  which  have  been  np  to  the  present  tecoriled  liav^  refert*nce,  atrange 

*  to  aay,  tc  the  testicle  and  ovary,     Hera  iheve  can  hardly  bo  any  doubt  of 

the  development  of  muscle  fibres  from  connective- tissue  cells,  however  we 

may  tuppose  their  source  to  be  from  the  muscle  corpuscles  in  the  ititra- 

muscular  new  formation. 

Though  it  was  formerly  believed  that  woumls  of  njusclea  could  be 
repaired  by  connective-tissne  alone,  numerous  recent  observations  have 
proved  the  power  of  regeneration  inherent  in  the  tissua  The  mode 
of  tbis  new  formation  of  mufcle  is  a  matter^  however,  about  which  mnch 
difference  of  opinion  still  exl^t^. 


£«  Composite  Tissues. 

Id.  Nerve  Tissue. 

§  174. 

The  form- elements  of  the  nervous  system  (1)  are  structures  of  two 
diflerent  kinds,  namely  fibres  and  cells,  imbedded  in  a  ground-work  of  con- 
aective-tissae.  The  first  of  the^e,  known  under 
the  several  name«  of  "nerve  tibres/'  "nerve 
tubes,"  and  '* primitive  fibres''  of  the  nervous 
system,  make  up  almost  ex  illusively  the  white 

L substance  of  the  neural  apparatus.    Tho  last,  to 

"ifrhich  the  names  of  "  ntTve  or  t^angUoit  cells  " 
have  been  given  [also  **  ganglion  corpuscles  ^* 
(**  Ganglienkörper")],  are  found  mixed  up  with 
the  fitst  deaeribed  elements,  in  the  grey  matter. 
The  **  groundwork  "  of  connective-tiaaue  pre- 

ki tents  itself  in  the  lirst  place  in  the  form  of  a 

lliigbly  developed  fibriilated  structure,  more  fre- 

iquently,  however,  as  a  more  or  less  homogeneous 

'  connecting  substance  (perineurium)^  or,  finally, 
SB  an  extremely  delicate  tisäue  containing  cells 

l.ftnd  nuclei,  as  in  the  nervous  centres. 

Net%^ßbres  (tig.  29  G)  are  met  with  either  as 
dark-bordered  threads,  the  vieduikdcdj  or  palci 
the    nönmeduihitet!.      Tliey    are    siniple   un- 
bran  died  fibrils,   except  at    their    origin   and         }jy^         ^      tv 
termination,  and  vary  to  an  extraordinary  extent 

b>in  thickness,  measuring  fi-om  0  0225  down  to 

f  0*0018  mm.  and  less.     Owing  to  their  appear- 
ance not  being  the  same  in  all  cases,  ive  dis- 
tinguish between  Ifroad  or  cofjrse  fibres  (a  and  h)  of  0'052G  mm*  (more 
Jly  of  0*01 1 3-0.0056  mm.),  and  ßne  or  fiwrrtm  fibre«,  whose  diamet^jr 

^•«lay  fall  to  0-0045-0  00 IS  mm.  {c,  d,  c). 

Iiark-edged  nervo  fibres  consist  of  three  parts,— namely,  of  a  very  deli- 

'Cate  envelope   of  connective-tissue,  the   **  neurilemma "   or   "primitive 

^lieath;"  of  an  albuminous  portion  extending  down  the  centre,  the  so- 
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called  *^axiÄ  cylinder;"  and  of  another  portion  eituated  between  Ihc 
envelope  and  the  latter,  a  mixture  of  albuminous  substancea^  cerebpal 
mattera,  and  (1)  fats  the  ''medullary  sheath"  or  neural  medulla ** 
(Nerveninark),  Of  these  three,  which  oannot  be  demonstrated  on  thu 
perfectly  fresh  fibre,  but  only  by  rouDd-abuut  mode»  of  treatment,  the 
A%\n  cylinder  must  be  k*oked  upon  as  the  most  efiseaual  and  only  indid- 
peniahle  etructurd  constituent 

The  appearance  of  broad  nerve  fibres  in  a  recent  state  is  that  of  threads 

formed   of  eome   completely   homo- 

goneoua  transparent  or  milky  mass. 

It  ia  rare,  however,  that  we  obtain  a 

view  of  them  in  this  state,  owing  to 

the  exceedingly  rapid  changes  which 

take  place  in  the  contained  matter. 

All  the   mora   customary  modes  of 

prepaiation  (if  we  desire  to  isolate 

the  fibres)  bring  the  latter  before  ui* 

in  a  form  which  haa  already  under- 

4 »        mi  gone  change,  or  haa  "  coaguktexl/  aa 

g        tSl  the    f^ying^    is.      This   congelationi 

I  i  1         \«1  liowever,  is  met  with  in  various  stages 

of  completeness  (fig.  296,  a,  b ;  fig. 

When  isolated  with  as^great  rapidity 
and  care  as  possible,  the  nerve  fibre 
presents  to  our  view  a  dark  bo  nie  ft 
and  closely  applied  to  this  internally 
a  Becond  and  finer  bounding  line 
(fig,  296,  Ü,  h;  fig.  297,  b,  alcove). 

Later  on,  these  two  lines  or 
"double  contonrs**  are  not  quite  par- 
allel^ and  the  internal  one  is  no  longer 
continuous  throughout  The  thin 
layer  interposed  between  the  two 
lines  on  each  side  of  the  fibre  appears 
homogeneous  (fig,  296,a,&)or  granular. 
Ai  this  stage  of  transformation  the  nervous  fibre  may  remain  station ary, 
the  outer  coagulated  layer  acting  to  a  certain  extent  as  a  protecting 
covering  for  the  portion  situated  more  internally,  or,  the  congelation  may 
advance  further  at  points,  and  the  nerve  fibre  may  frequently  present  a  com- 
pletely  dilTerent  appearance  at  various  parts  of  it*  course  (tig.  2^7,  b). 

After  this  the  Internal  line  becomes  separated  more  und  mora  from 
the  outer  one,  while  between  the  two,  and  also  in  the  central  part  of 
the  fibre,  lumpy,  granular,  or  globular  masses  are  formed  (a,  b\  nntil 
eventually  the  whole  appears  transformed  into  a  sometimes  coai'se  and 
aomctime^s  finely  granular  substance  (e),  and  the  entire  nerve  tube  has 
become  dark  (2). 

HfikfAKics.— 1.  Littrfttiire  is  very  rich  in  infonnatioa  on  this  »abject  2.  Neatal 
tn«daUft  whkh  haa  es<!iiiied  from  its  sheftth  disttky«  pfedidY  tlie  same  chftniR« 
("My«Hn"ofVin!how.) 

§  175, 
The  existence  of  an  envelope  on  the  nervous  tube  is  easily  inforrefl 
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from  the  fact  tlmt  the  latter  can  be  isolated  in  a  considerable  part  of  its 

lengtli,  in  ipile  of  the  soft  nature  of  its  cont^jita.     This  neuHhrnma  may 

be  seen  not  un frequently  as  a  short  empty  tube,  at  points  where  the 
i,inclndecl  mass  has  Wen   dlaplac^  (fig,   297,  c)*     It  may  hkewi^je  bo 

iemondtrated  by  means  of  ohemi^al  reagents,  wfiich  completely  or  par- 
Itiftlly  dissolve  the  aubatance  contained  within  it  {fig.  298,  a,  c). 
'Kennletnma  consists  either  of  elastin  or  some  material  nearly  allied  to  it, 

and  is   t^sually  encountered   among   the  higher  vertebrates  and  in   the 

human  body  as  a  completely  homogeneous  and  very  delicate  mom  braue, 

either  with  or  without  nuclei.     Among  the  lower  orders  of  vertebrate«, 

and  on  the  periphei-al  ramifieationa  of  hnnmn  nerves,  it  may  be  found 

thickened  and  supplied  with  numerous  nuclei. 

To  what  extent  this  sheath  exists  among  the  elements  of  the  norvou» 

system  is  a  more  diiBc!iilt  question,  and  one 
'which  cannot  at  present  be  answered  with 
I  oertainty.    Thus,  in  the  branches  of  many 

of  the  cranial  nerves  it  is  absent;   and 

in  tho  terminal  peripheral  ramifications 

not    unfrequentiy*      Its    demonstration, 

moreover,  on  very  fine  medulla  ted  nervous 

tubes  is  a  matter  attended  with  some  dif- 

ficnlty.  Finally,  the  fibres  of  the  brain  and 

fpinai  cord  are  destitute  of  this  sheath. 
Tlie    axis   cylinder   of    Purkmjt^    or 

primiiivfi.    band  of   Jlt/rmik^   cannot    bo 

recognised  in  the  fresh  nervous  tube  on 

account  of  iU  delicacy  and  soft  consist' 

ence.     It   is   frequently  missed   also   in 

many  simply  coagulated  hhcei«,  owing  tu 

the  fact  that  it   also  has    undergone  a 

granular  metamorphosia 

It  appears,  howover  (and  upon  this  we 

would  lay  greatest  stresK),  at  the  point  of 
I  origin  (fig.  298,  f?)^  as  well  as  at  the 
'ternii nations  of  the  nerve  tubes,   where 

the  mednllary  sheath  fails.    It  is  likewise 

to  be  scf  n  in  many  nerve  fibres,  eoagula* 

ting  in  tbe  ordinary  manner,  as  a  p^le 

homogeneous  hand  dike  structure,  about 

a  fourth  or  third  of  the  breadth  of  the 

former,  projecting  from  its  cut  end  (fig. 

2  9  7,  ti,  above)* 

Certain  chemical  reagents  again  may  be 

employed  for  its  demonstration  t*^  great 

purpose.  Among  these  are  several  sub- 
lutoncea,  in  tbe  ärst  place,  which  are  well  known  to  render  the  protein 

bodies  hard,  without  dissolving  or  producing  any  particular  efiect  on  tlio 

lata;  these  are,  for  instance,  chromic  acid,  Chromate  of  potsish,  and  chloride 

of  mercuTy  (fig.  298,  &)*     Again,  there  are  reagents  winch  &re  employed 

for  the  same  ends  on  account  of  their  power  of  dis3(>lving  the  fats,  hnt  not 
[the  albuminates  ;  of  these  we  may  mention  alcohol  and  boiling  ether  (a). 
!Sometime3  we  obtain  specimens  in  which  the  axis  cylinder  projects  from 

the  cot  end  "  like  tbe  wick  from  a  candla"    One  of  the  best  aids,  however, 


d,  4  brikitler  one  Inmi  rtH'  frog  *fter 
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in  the  demoDatration  of  tlie  structure  in  question,  i»  collodium,  recotn- 
mended  by  Pflüger.  Ußder  its  action  the  aiia  cyUnder  make«  its  api>ear- 
aiice  almost  instantaneously  throughout  the  whole  length  of  every  fibre,  fre- 
quently bent  over  strongly  to  one  side  (c).  Tinction  with  earmiBe  may 
1ÜÄ0  be  employed,  and  aniline  {Frey)  or  chtorofortn  {  WaläeyeT). 

Very  instructive  objects,  cls  regards  the  nature  of  the  structuie  just 
described,  may  be  prepared  from  transveree  sections  of  nervous  trunks 
previouely  artificially  hardened  {B^Jmnm).  In  these  we  recognise  the 
cDvelofw  of  each  tube,  its  axis  cylinder  as  a  small  central  formation, 
and  between  the  two  the  medullary  sheatk  In  the  latter  may  be  seen 
an  irregular  concentric  marking,  first  observed  by  Lister  and  Turner ^ 
which  is  probably  the  optical  expre^ion  of  lamination  in  the  mednU&7^ 
substance  Transverse  sections  alao,  through  the  white  subsUnee  of  the 
spinal  cord,  present  the  same  views  of  tbe  axis  cylinder,  and  meduliary 
matter. 

Hem  A  ft  K. — ^itaW.  Jmim..  of  Micfmt.  Scunux^  1860,  p.  2Ö,  pi  3i 

$  176. 

Turning  now  to  ikta  fine  dark-ed^fed  mrtfe  ßbres  (dg.  396,  c,  4,  e),  we  find 
It  possible  here  also  to  demonstrate  in  many  cases  the  presence  of  the 
primitive  sheath,  although  with  greater  difficulty.  We  recognise  at  the 
same  time  the  axis  cylinder,  especially  in  the  fibres  of  the  brain  and 
spinal  cord  (fig,  298,/,  <?»  A),  where  the  primiti^^e  sheath  is  no  longer  pre&snl. 

It  ia  a  striking  fact  that,  in  these  hne  nervous  tubes,  we  do  not  rem&fk 
the  same  inclination  to  lumpy  or  granular  coagulation  as  is  seen  to  «ueb 
an  extent  in  the  broader  ones;  we  find  them  rather  preserving  theii 
transparency,  whether  their  contour  appear  double,  as  in  larger  speci- 
mens (%  298,/),  or  single,  as  in  the  more  minute  (fig.  2D6,  c,  d^  e). 

In  a  degree  proportionate  to  their  thinnesa,  these  fine  nerve  tu b^s  are 
remarkable  for  being  subject  to  a  displacement,  and  the  formatiou  into 
globules  of  their  medullary  substance  under  the  action  of  water,  or  ^tn 
pressure,  twisting,  &c*,  in  consequence  of  which  they  often  present  a 
knotted  appearance  (fig*  296,  c,  (f,  ü,  and  298,  h).  These  swellings  are 
known  as  "  varicosities/*  and  are  nothing»  we  repeat  it^  but  artificial 
production^  which  do  not  exist  in  the  living  body. 

Ke^t  in  succession  to  theae  dark-edged  meduilated  fibres,  we  come  now 
to  a  second  species,  namely,  to  ike  pah  or  non-fnedultatcd. 

This  Is  the  primary  form  of  all  the  fibrous  neuml  elements  in  the 
embryos  of  man  and  the  vertebrates. 

In  the  family  of  the  petromyzon,  a  lowly  organised  fish,  this  uon- 
meduUated  pale  appearance  of  the  fibre^  presenting  simply  an  axis 
cylinder,  persists  throughout  life  (fig.  298,  tiy  But  even  in  the  bodies  ol 
the  higher  vertebrates,  and  human  beings  also^  the  nerve  tub^  may  still 
preserve  this  original  embzyonic  condition  in  various  positions ;  thus.  In 
the  fiervus  nlfactoriun^  a^  soon  as  it  enters  the  nose- 
While  there  can  be  but  little  doubt  as  regards  the  nature  of  the 
fibre-elements  in  the  olfactory  nerves,  it  is  quite  a  difierent  matter  in 
the  course  and  distribution  of  the  sympathetic.  Here  we  encounter  In 
the  human  body  and  among  the  hierher  vertebrates,  together  with  medul- 
Inted  tubes,  the  so^idled  fibres  of  Remak  (ganglionic  nerve  fibres),  which 
niay  even  prepondemie  These  are  transparent  sometimes  ;  flat  bauds  of 
about  0-003S-00068  mm.  in  breadth  and  0  0018  mm.  in  thickness  (fig. 
290,  300,  h).     Their  appearance  is  usually  homogeneous,  ivhile  at  iutervaJi 
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am  «iougatacl  oval  or  fusiform  nucleus  may  b«  remarked,  measuiing  about 
0'O068-0*0113  mm,  m  length.  At  times,  also,  these  ßat  fibrea  are  aplit 
up,  though  imperfectly,  into  fibrilla}  (tig,  Ü99,  b). 

As  to  the  nature  of  these  fibres  of  Bejuak,  whether  they  are  composed 
of  cutmective-tisaue,  or  are  (as  was  sappoädt  by  their  discoverer,  and  with 
bim  by  J.  Mulkr)  nervoua  «lemente,  are  point«  which,  in  the  aunak  of 
histology,  have  been  the  subjects  of  controversy  for  years  past.  The 
existence  of  similar  palö  nerve  elements  among  tlie  lower  animals  and  in 
the  petromyzon,  and  among  the  embryonic  and  olfactory  fibfvs  of  the 
higher  animala,  sterns  to  point  to  the  conclusion  that  they  ara  uf  nervous 
nature,  and,  indeed,  the  general  opinion  grows  stronger  from  year  to  year 
that  this  is  the  case.  They  are  just  nerve-fibrea  deslituto  of  niediUlary 
sheath,  and  in  which  the  axis  cylinder  is  enclosed  within  a  imcleated 


bnn^h  from  tiitftyiniuthrik 
uf   A    iiiuniiiiiL    Twui  ^f'''^~ 


neudiemmo.  On  the  other  hand,  it  must  bo  grants  that  joung  imma^ 
ture  conneclive^tissue  may  present  preci^iely  the  same  appearance.  The 
nndaated  envelope  of  many  ganglion  celts  is  also  a  diflicuU  pouit  for  us, 
which  will  be  discussed  in  the  next  chapter. 

In  some  small  trunks  of  the  sympathetic  system  (fig.  300),  the  propor- 
tion of  these  pale  übres  (h)  is  so  larger  and  the  number  of  the  medullated 
tubes  19  so  smaU,  that  tt  is  dillicult  to  cunceive  what  would  be  the  object 
of  such  an  enormons  amount  of  enveloping  connective-tissue  for  so  few 
nervous  fibres. 

In  the  nf^rves  of  the  spleen  of  fully  developed  mammals  twigs  have  been 
found  of  0*45  mm.  in  thickness,  which  contain  nothing  but  Bemxik's  fibre«. 

The  question  whether  this  variety  in  the  appearance  of  the  nerve-fibrea 
corresponds  t/i  a  dißermce  in  their /unctions  or  energies  jfiimt  be  generally 
negatived«  The  nerves  of  voluntary  muscle  and  those  of  the  skin  have, 
for  instance,  the  same  kind  of  fibres.  The  preponderance,  however,  of 
narrow  dark  tubers  in  the  sympathetic  is  certainly  remarkable^  but  tli<» 
same  occur  in  great  abundance  in  the  bratn  and  spinal  cord.  Transition  a 
i>om  broad  to  narrow  fibres  are  also  numerous,  and  in  the  sympathetic 
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system  os  wtjll  as  in  the  olfactory  nerves,  as  has  just  been  mentioned, 
pale,  non-medttUated,  mickated  iibres  ure  tn  be  found. 

But  our  position  is  far  more  difficult  when  we  are 
asked  for  an  «ns^ver  to  the  question,  whether,  in 
what  has  been  just  described  as  the  texture  of  thö 
nerve  tuhes,  their  whole  etcueture  has  been  given,  or 
whether  they  possess  a  further  and  more  complex 
constitution. 

For  many  years  past  there  has  been  no  lack  of 
eflbrta  (and  some  very  daring)  to  prove  the  latter  to 
be  the  case.  Only  one  point,  however,  of  any  great 
importance  has  b^en  ascertained,  throujjh  the  im* 
proved  optical  auxiliaries  to  our  investigations, 
namely,  that  the  axis  cylinder  is  made  up  of  cr- 
irrmeh/  delicate  fihiUcs^  inj  bedded  in  a  hnely  granular 
subätance.  Tlds  fact  was  first  recognised  in  the 
pale  nervous  tubes  of  many  invertebrate  animals,  and 
in  the  gILictory  nerve  and  llhres  of  Ilfmnk  of  thw 
vertebrates.  It  is  a! so  true  for  the  axis  cylinders  of 
the  nervous  centres  (fig.  301 ),  according  to  S/^hufiz«. 
The^e  extremely  fine  tibres,  on  whiuh  delicate  van* 
cnsities  may  be  remarked  after  treatment  with  certain 
reagents^  have  been  named  "axis  fibri Hie"  by  Wat* 
dt^ijer^  antl  by  Seliuitze  *'  primitive  fibril lic/^ 

Tho  axis  cylinders  of  the  stronger  nerve  tubes  ap- 
pearing thus  as  bundles  of  the  most  delicate  fibres  of 
immeasurable  titienesSf  those  of  less  diameter  must  bo 
looked  on  as  collections  of  smaller  members  of  the 
same,  until  eventually,  in  the  moat  minute  axis 
cylinders?,  the  number  ts  reduced  to  one  sin^ld  pri- 
mitive fibril  (!)♦ 

Later  on  we  shall  see  that  the  pnmitLve  fibtilla  (which  call,  however^ 
for  closer  observation  as  to  their  natutv)  make  their  appearance  naked, 
and  separated  one  from  the  other  in  the  terminatioa  of  numerous  fibres, 
and  also  constitute  imj>ortant  fibrous  elements  in  the  nervous  centres. 

Remabxs. — 1,  The  importance  of  the  fact«  but  briefly  mentioned  in  the  text  entftlet 
th«m  to  more  pxtt^ndcd  etinsiik ration.  It  was  Jt^inak  who  first  pointed  out,  ye«ra 
■go«  ihis  remarkiililf?  comp] lOkt ion  in  regHrd  to  th«  nxia  cylinder  of  the  eruw-Jiah. 
Ill  the  i^nf^ü^tcd  coril  of  the  kit  er  are  to  be  fouuci«  besi(Jt5S  others,  utiuaUfiUy  thick 
Dt^rvt!  fil>ri^S;  whoee  axis  eylinttertf  consist  of  bundle«  of  above  a  hundred  of  the  Aaefil 
fi  bril  Ice  J  0  n  iy  0  {M>0  4  mm.  in  d  i  n  m  e  t  er,  Th  ss  was  «u  lis^quen  tly  <?orroborfl  t  ed  by  Bäktl^ 
Leydig^  Ü,  WalUr,  Äud  Waldt^itr^  with  diw^overiea  of  ^imilftr  composition  in  the 
nerv«!  of  other  invertebrate  naimftls,  M.  Schul ts$  olvwrvcd  the  same  structure  to  th« 
ÄÄi»  ^rylinders  of  the  olftiatontta  and  iiervoti«  eejitrpsof  vertobrat*^».  A»  to  the  further 
p<?mts  of  iriti-ri^st  in  rt?gard  in  the  stnieture  of  the  nrrvotisi  tulj«»,  "we  hare  ittready 
referred  (p.  BOS)  to  the  couo^ntrie  niArkln^'«  to  be  «erii  in  the  nii'dulliiry  ftnb«t«itm 
on  tfnn9Ver«e  ^eetion  of  the  bitter.  It  s(^mA  to  dt'^H'iid  on  hiniiiHtion«  hut  tbis  view 
lifts  betiu  op]io9od  hy  Promm&nii%.  Aeeonhng  tn  Klehi^  tlie  ax  it  eTlinder  is  tinme« 
dttttcly  sunounded  by  a  fluid  fiiihstunce, — the  '^[H»riaxial  ffuid."  \ca.ts  mgo  StüUn^ 
ilao  deacribeti  aft  very  cotiipticatsd,  the  fitructiire  of  the  ufrve  fibre,  wotkiug  with  rvfj 
high  aueroAüupic  powers^  aui|  prepamtioii»  miide  in  chromic  ncid«  Coni|iqre  Löckkuti 
Vliirkt  in  the  Quart.  JmtTii.  of  Microfc*  Seiend,  J  860,  p.  165,  More  recently  still 
FroTmnann  and  Grandr^  Imve  described  a  tr*u»?*TM  itrintion  on  the  ajds  cylinder 
afti^r  treatment  with  nitrate  of  silver.  Memdanüfwsky  in  formt  as  further  thai  the  sxifl 
cyhuder  ts  knotted,  and  gtvea  off  branchee  at  right  angles  which  anastomose  with 
fnfjae  of  neighbouring  fibre«. 


'.4A\ 


P«.  3iU.  —  FnjrUtatcd 
«tructijfe  of  the  *j;lt  ey- 
lindür  (after  *Am/£w>. 
n» «  HtTOtifC  ftxliCyUnJer 
From  tlie  spinal  qgrd  of 
the  ox;  fi,  »nen"*  flbre 
from  the  brain  of  Uic 
eltctrlc  tmy. 
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We  now  turn  to  the  ceUular  elements  or  the  gmigJitm  eorpmcles,  whose 
Qppeftrance  u  Very  cliamct^rUtic,  with  the  eKcaption  of  many  in  the  brum 
and  spinal  conl,  where  their  botindaries  are  flifilcnlt  to  ijeÜne.  They 
may  he  divided  into  those  witkoui  pro^cjs^es  (tig.  302)  and  those  with 
priieesses  {\ig.  303),  To  the  firBt-mentioned  species  the  term  "apolar" 
Uas  been  applied,  and  to  the  latter  "  unipolar/'  "  hipolar/*  or  "  multipolar," 
according  to  the  nnmher  of  their  ramifications. 

In  every  variety  of  size,  from  0*0092  mm,  down  to  fl045l-0'0226* 
0  0018  mm,  and  even  lesSi  we  meet  with  these  collular  bodies  of  spherical, 
oval^  pear-shaped  J  or  renal  form.  In  these  are  filtuated  Bpheroidal  vesicular 
nuclei  of  0  0180-Oi090  mm,,  with  a  round  slightly  lustrous  nncleolus  of 
0  0029-0*0045  mm.  Another  round  pointy  frequently  visible  in  the 
interior  of  the  latter — either  granular  or  clear — -has  been  given  by 
Maiähncr  the  name  of  nudcoluhis  (fig.  308).  Not  unfrequently  tbo 
nucleolus  is  double^  but  the  nucleus  is  seldom  so.  The  latter,  nnlike 
moat  nuclear  formations,  gives  way  comparatively  rapidly  Uy  the  action  of 
coneentrated  acetic  acid. 

The  contents  of  these  cella,  probably  a  species  of  protoplasmj  appears 
as  a  tough  doughy  mass,  with  numerous  minute  granules  of  a  protein 
suljstance,  and  in  addition  to  these,  fat  molecules,  soluble  in  alcohol  and 


Fl^  PDS.^^nnifUDn  erU»  item  a  niiSDnifel.  A,  Cellt 
nfttÄ  eaanccUTQ-tiaAua  «nTvlopei,  Imm  which  Äf- 
mat't  fi\fT^  t4ko  origin.  <  d;  «»a  nqn-nQcieiited 
(«U ;  fit  tvco  <«Lli  with  %\vi%\n  nticjel;  «nd  ^  Ofve 
Iff  II  h  lirii  Qf  ihe  Utter  «f  met  lire«.  Ä  A  gmngUgtu 
r«ll  deiriJtut n  of  envelope. 


Fig,  303.— Murtlpolnr  ^Bntflil^n 
celli  «Ub  rirutoplftiim  pn>- 
i**Wftit  frnni  the  KtHejT  ntib- 
■laaee  of  Mw  bnmiin  bnln. 


ether,  and,  not^  at  all  nnfrei|uentiy,  particles  of  yellow,  brown  (fig,  303), 
or  black  pigment  (üg,  305,  4).  The  latter  substances  offer  a  most 
determined  lesifitance  to  the  action  of  alkalies. 

AH  these  ganglion  cells,  the  central  as  well  as  the  peripheral,  are 
destitute  of  distinct  membranes.  In  the  grey  matter  of  the  nervous 
centi^  they  are  iraljedded  in  that  Hbnllated  suatentacular  snhatanee 
ab^ady  mentioned  at  p.  197.  In  the  peripheral  ganglia,  on  the  other 
hand,  of  man  and  the  vertebratca,  they  are  usually  enclosed  in  envelopes 
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of  ä  uon-fibriUated  nucleated  timue  (fig,  302,  A),  from  wliieh  they  m^y 
be  isolated  in  the  form  of  memhraueless  corpuscles  (E). 

According  to  recent  investigations,  the  iuternal  surface  of  eacli  of  these 
corpuscles  is  lined  in  man  and  the  vertebralo  animala  with  delicate 
liftttened  epifcheliuni  or  endotheUum,  resetnhling  that  of  the  blood- veasek 
(Fräiitzsi,  Kodlikm^  Schwidbe)  (I). 

What  is  the  naturo  of  thiä  enveloping  nucleated  tisviuel 
Here  we  meet  with  a  great  variety  of  opinioaa.     It  was  fonaerly  set 
down  as  being  in  Mo  a  connective- tissue  structure,  but  Beah  and  Eemak 
ascribe  to  it  a  nervous  chaiucter.     Bo  this  as  it  may,  the  distinct  origiu 
of  ReniaMs  fibres  from  these  systems  of  capsules  ia  very  remarkable- 

REMAaKs.— 1-  This  wfia  noticed  years  ttgo  by  ^biu  and  K  W^ngtm-  in  tlie  citse  of 
the  ganglion  c?lU  of  the  dectrie  ray.  Me^m^  too  wo^  nrWam  of  th*  preieuc«  of  this 
t-ellular  lining. 

I  178. 

The  jJAJw'ieHftifty?  and  ramtfications  of  the  ganglion  cells  serve,  in  the  first 
plMie,  possibly  as  connections  between  nei^dibourin^  cells  {commtssiiral 
fibrej?),  and,  in  the  next  place,  they  certainly  go  to  form  the  axis  cylinders 
of  different  netve  fibres.  For  the  inveetigatiori  of  these  very  difficult  points 
the  lower  orders  of  vertebrates,  and  especially  fishes,  are  to  he  recom- 
mended, in  which  the  dissection  is  rendered  ensy  by  the  small  amount  of 
enveloping  connective- tis&u©  (1).  The  Jbllowing  points  may  be  noticed 
in  the  nervous  knots  of  the  burbot  [Gadnä  lota  (2)  ]  {üg,  304). 

Some  of  the  ganglion  cells  appear  apolar  (i,  A^),  no  trace  even  of 
ruptured  processes  being  discoverahle,  the  appearance  of  the  capsule 
conveying  the  impraiision  rather  of  its  being  closed.  These  represent 
possibly  only  the  earlier  stages  of  development  of  ramifymg  cells  (Bcah). 

Othefs,  and  they  are  of  a  smaller  kind^  are  unipolar t  giving  off  at  one 
end  a  process  which  assumes,  after  having  run  for  a  certain  distance,  a 
darker  and  more  medulla  ted  appearance,  becoming  eventually  a  narrow 
nerve  fibre  (/).  On  some  ganglion  cells,  though  apparently  unipolar  (^), 
another  rii|itured  portion  of  fibre  may  be  recognised  on  the  mutilated 
envelope*  Unipolar  cells,  continuous  through  their  processes  with  broad 
nerve  tubes,  are  not  met  with. 

Bipolar  ganglion  cells  are  of  frequent  occurrence.  The*  smaller  are  in 
communication  with  narrow,  the  larger  with  bi-oad,  nerve  fibres.  The 
firit  (d)  frequently  show  us  pale  fibres  of  considtmble  length,  which, 
in  the  case  of  the  unipolar  cell,  become  transformed  into  nerve  tubes. 
The  latter  f«,  bj  r)  present  to  tis  the  fibre  as  a  dark  med  ii Hated  tube, 
extending  as  far  as  the  extremity  of  the  cell  {«),  Here  the  medullary 
matter  spreads  out  in  a  thin  layer,  investing  the  body  of  the  latter  (3) 
and  may  i>ersist  in  that  situation  even  after  the  rest  of  it  has  eeoaiiNad 
from  the  cut  end  of  the  nervous  tube  (b,  c). 

Such  bipolar  origins  as  at  A  are  of  rare  occurrence,  as  also  the  appear- 
ance of  two  ganglion  cells  on  one  and  the  same  nervous  tube,  as  at  ;;* 

Our  diagrams  show  also  that  the  enveloping  neurilemma  or  capsule  of 
the  ganglion  cell  is  continuous  with  the  connective-tiBque  primitive  abeath 
of  the  nerve  tube.  In  tlie  peripheral  ganglia  of  fishes»  multipolar  eells 
do  not  occur.     Even  those  with  three  procesees  are  very  rare  {Sianniusy 

The  recognition  of  corresponding  structural  relations  in  the  human 
being  and  among  the  mammalia  is  of  much  greater  difficulty,  owing  to 
the   larger   proportion   of  interstitial   connective- tissue,   and    mutilated 
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gmglion  cells  are  also  of  frequent  occiiirence  here.     Nor  dare  we  form 
conclusions  in  re^anl  to  the  mammal  ho4y  from  what  is  found  in  the  fiflh. 

The  existence,  however,  r»f  apokf,  unipolar,  and- bipolar  ganglion  ceUs, 
cannot  be  denied  in  this  case 
also  after  candid  consideration, 
although  we  are  still  in  tlio  dark 
m  to  the  relative  frequency  of  the 
variona  forma* 

MuUipolifv  cells  must  be  looked 
upon  as  peculiar  to  many  jitrifiheral 
ganglionic  masses^  as  alno  to  the 
terminal  expansion  of  the  optic 
nerve  in  the  retina*  They  were 
tliscovered  by  licmak  in  the  Sym- 
pal he  tic. 

The  same  species  of^  and  fjos- 
eibly  also  exclusively,  multipolar 
ganglion  cells,  occur  likewise  in 
the  grey  matter  of  the  brain  and 
spinal  cord  (fig*  305);  those  apolar 
specimens  which  are  found  here, 
or  such  as  have  only  one  or  two 
proces»es,  being  probably  mutilated 
isells  (Wfigner^  SchrMer  van  der 
Kolk).  These  cells,  which  contain 
either  a  pale  substance  alone  (2), 
or«  besides  this,  brown  and  black 
pigraeutary  particles  (4)^  possess  a 
v^ry  Tariable  number  of  ramifica- 
tions, mnging  from  4  to  20  and 
up  wa  rds  ( 1  -4} .  The  1  a  tter  appear, 
under  high  magnifying  power, 
(lartly  as  broad  or  narrow  processes 
of  the  finely  granular  cell  body 
(2 J  e),  and  partly  homogeneous 
(l,  a).  Borne  of  these  ramifiea- 
'oris   split    up    eventually,   with 

^ited  subtli vision  (i),  into  fibres 
Vf  esttrümo  fineness,  Otliers,  acting 
m  commissures  (*2,  c,  3«  b),  are  sup- 
to  com  ill  ne  the  ganglion 
to  a  physiolo^ncal  unit  (4). 
anally,  axis  cylinders  are  üeen 
arising  frtim  tfiem  (fig.  305,  1,  a, 
ft  :  3,  e  ;  and  298,  g% 

It  is  at  present  impossible  to  trace  any  connection  between  the  variation 
in  the  ganglion  cells  just  described,  and  a  difference  in  function  in  each  or 
any. 

ElMAaiLs.^K  In  older  bisto]Qf<icAl  works  of  the  year  40,  ipolar  ganglioa  cells 
ilono  w?r«  n?4?of^uts«d.  Purtiifije^  it  h  tnie,  h^I  Rt-en  the  proeeases  of  g&n^lktQ  eeUi  tn 
I S3S«  l)Ut  h (id  no t  rcGo^ Ik«!  t h i^ i r  ^i^^  i  H can ce.  S u hwt 1 1 1 ently  to  ffelm&UzM  and  Wi^9 
dtscitv^iy  of  the  cme-iidud  origin  of  fibrea  nmoTig  the  in  vertebrate  animftle,  JT^fliW, 
wii  the  Orvt  t@  demon^imte  Us  ocGurrence  atimng  the  i^ertchmt^s.  Great  pfttgreia  wm 
ae^t  mode  m  this  dir^tion  in  the  jear  1847,  through  the  diacQvery,  by  Wäffm"  tad 


<if  GadmhiA  ft,  b,  e^  lliF>oltr  ci<iin«cted  wiUi 
brojid  nerrc  ftbrei ;  d«  stmllar  cell  prcKlodcd  tntiQi 
A  itHiTow  iljjHj ;  «,  itnothciT  uf  the  a*ifHT  hinil,  frotn 
«rhlch  A  Tiffrvc  flbr«  hat  ^cn  torn  uff;  /  «)i  ttnl- 
pö1«r  cell  wbth  nairov  tube ;  0;  two  bipolmf  (j^t« 
fr-S)  p«eu1lAr}y  united  to  lint  n«rre  tab»;  A,  (U3> 
tiUicT  blpoliir  cäl]i ;  i^  ^  tiro  Apolu'  f^mn^ÜDD  c^Uii 
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Eühin,  of  bipolar  cftlla  m  tlie  gaugUtt  of  Ü»h6&.     2.  Pkü.  Trans  for  the  i^eor  1863,  ▼(*!* 

cliii.  part  iL  p.  54S.  3.  In  his  excellaiit  U&äXxw«!  {ObscroaUone»  dc  Tiimm  äruHum 
peniitm)  M,  SchuU^  di rides  ganglion  cell»  iuto  four  claaaes,  wid,^  u  Isr  u  our  own 
übserrutioü  pica,  they  naay  be  m  cin^aed  with  projiriety»  though  intermediate  foratui 
also  eiist.  The  four  are  as  follows :  {a)  those  that  have  neither  neurile?mTna  nor 
medullary  sheath,  aa  ia  the  brain,  conl,  mid  r«;tin«i ;  {h)  ludi  aa  have  neurilemma,  hu 


r 


£' 


Fig,  aOS. — Sf  a^ilpatAT  gu>g1Eciii  ctlls  frmn  the  human  timt;t.  h  a  eeJlL  ofie  cf  «rliA*e 
pTa»iiK>«  (ai  becDmes  thv  axb  Cylinder  of  a  nenre  fibm  (^) ;  II,  a.  ceU  (<ij  ciitiiiQcted 
wüh  ftnbthfsr  (b)  by  it^eani  of  ft  eDmrnLtsar«  (r);  S.  d^tjerraniof  three  ceUi  (««>  can^ 
ti«c£«d  bx  miMiu  of  dimmljvufiii  (6i[,  anil  nmnliig  tnloftbrea  (c);  i,  s  nialllf»!«!- c«U 
BODtalDinjf  tlAck  plgmimt, 

no  medullary  envelope,  aa  lu  the  sympathetic  and  other  peripheral  ganglia  with 
mmlti^lar  elti meats  ;  {c}  gangtioa  ci<lla  with  medullary  envelope,  but  no  neurUemom, 
of  whieh  we  lee  isolated  eiamplea  in  the  J\r*  scuMicm,'  ana,  finally,  tboae  which 
pottcn  tkotb  medullary  aheath  and  neunltimma,  it  in  the  bipolar  cells  of  tpifiil 
ganglia.  Correspond! fi|^  to  thean  wo  have  four  ipeciea  of  ner^e  fibres,  nftmaly,  (4) 
D&ked  aitis  cylinders  ;  (b)  a^th  cy linden  with  neurilemma,  but  without  i  medii]lAf]f 
sheath,  as  in  the  olfactory  nerve  and  Memak'9  fibres ;  (c)  axis  cylindeTf  without  • 
primitive  sheath,  but  aupplied  with  an  envelope  of  medullary  substance^  as  for 
luätaneu  in  the  white  malter  of  the  nervons  centres  ;  and  finally,  (d)  ajcis  ey tinders 
surrounded  by  both  tneduUii  and  jprimitive  sheath,  the  usnal  form.  4.  Strange  to 
say,  the  exiattnoe  of  oommisnural  nbres  between  the  central  ganglion  cells  is  stoutly 
deni<?i  I  by  Deil^rs,  I  myself  have  seen  them  most  certainly  many  years  ago,  and  beUere 
iji  them  st til 

Here  also^  as  la  the  coasidemtion  of  the  nenre  tubes,  the  qaestion 
arises,  Does  the  description  of  the  ganglion  cell  just  terminated  give  im 
ita  complete  structure,  or  does  it  poBse^^  a  finer  texLture? 

At  present  the  extremely  various  view  a  on  the  subject  eupply  us  with 
bat  very  inadequate  materials  for  replying  to  this  queiy  conclusively. 
Thus  the  nerve  übre,  te.,  the  axis  cylinder,  has  been  atated  to  spring  from 
tho  Ducleus  or  nueleolus.     Among  the  various  observations  made  on  thi« 
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point  there  &t^  dcmbtlesa  some  few  which  are  correct  (always  excluding 
those  based  on  optical  illusions),  but  they  are  prohably  the  exception  (1), 

One  discovery  made  hy  Beak  eome  years  ago,  on  the  other  hand,  we  do 
look  upon  as  eoirect,  having  satisfied  oiifselvee  further  by  personal  ohsen^a- 
tion.  It  applies  to  the  ganglion  cell  of 
the  tree  frog  (fig.  306).  Hare  may  be 
seen,  najnely,  making  its  exit  from  the 
interior  of  the  pear-abaped  or  round 
«itu&bure,  at  its  pointed  end,  a  straight 
ftoi^  in  which  a  nuclntm  (c,  e)  is  not  un- 
frequently  visibla  This  is  surrounded 
by  the  coÜs  of  one  or  more  ^pirolßhtu^ 
which  also  contain  nuclei.  These  spring 
from  the  surface  of  the  cell  body  in 
close  spin  J  txirns  (J,  </),  which  increase 
in  girth  m  they  proceed  on  their  way 
round  the  i^trulght  fibre,  until  they 
eventually  attain  a  straight  course  them- 
selves, and  pasa  on  as  qdnal  fibrm  with 
their  own  special  sheath  (/).  The  first 
mentiont?d  fibre,  which,  as  has  been 
already  mentioned,  springs  from  the  in- 
terior of  the  ceJl^body  (whether  from  the 
nucleus  or  no  we  are  unable  to  say  with 
certainty),  is  of  nervous  structure.  Btfth 
lu^taiiia  also  that  the  spiral  hav^  the 
fame  efa&Faeter,  though  they  appear  to 
us  to  be,  as  a  rvile,  of  elastic  nature. 
But  wo  ate  far  from  denying  the  pos- 
sibility that,  when  two  fibres  spring? 
from  the  one  pole  of  a  ganglion  ceih 
one  of  them  may  encirele  the  other 
spirally.  J,  Arnold  maintains  that 
these  cells  possess  a  much  more  highly 
complicated  structure. 

Deiter»  mentions  having  found  a  double  mode  of  arrangement  in  the 
ramifications  of  the  cells  of  the  nervous  centres  (fig.  307).  The  greater 
number  of  the  processes  is  formed^  namely^  by  prolongations  in  various 
directions  of  the  protoplasm  composing  the  body  of  the  celL  These 
** prohfplasfH  processes"  then  undergo  repeated  subdivision,  giving  otf 
branches  in  all  directions,  until  tliey  finally  dip  into  the  sustentaculHr 
matter  in  the  form  of  the  mo»t  extremely  delicate  fi  brill  ax 

From  these  protoplasm  ramifications  we  can  distinguish  at  a  glance  one 
peculiarly  long  process  (a),  which  springs  either  from  the  cell  itself  or 
iVom  one  of  the  fin?t  and  broadest  prolongations  of  its  body.  This  pro- 
ceüö  never  gives  off  branches,  and  becomes  clothed  later  on  with  a 
medullary  sheath  ;  it  is  known  as  the  **' axi^  cijUnder  process! ^  Of  t!ie 
correctness  of  this  wo  may  easily  convince  ourselves* 

Beside  these  just  mentioned,  other  very  fine  fibres  may  Ije  rerogni^ed 
(by  h\  leaving  the  protoplasm  ramifications  at  right  angles.  In  these 
/>fiV€r#  Supposes  (without,  however,  giving  any  reason  for  his  opinion), 
that  we  have  before  us  a  second  system  of  extremely  fine  ^ixia 
cyliiidara. 


Fijj.  30«.,— 0*11  uU on   cell«  from  the  tymriiiM 
itieMc  of   the  xm^  ftnjf  (frotti    ßfatt).    n, 

librc;  d,  ipLrAl  Hbri't;  «,  tronnjitifttlcMi  uf 
Ulf  fOTmer;  *ndf*  vf  thv  lajrer. 


316 


MJÜfüAL  OF  HISTOLOGY. 


According  to  SchuUsä^s  recent  investigations,  both  forra«  of  proeessea 
of  these  central  ganglion  cells  (fig,  306)  possess  a  tibrillated  texture,  more 
apparent  in  tlie  axis  cylinder  processes  [a)  than  in  the  protoplasm  mrniti- 
eationa  (6),  in  which  ktler  a  grannlar  interstitial  aubsiance  is  present  in 
considerable  quantity^     All  these  primitive  übiilke  may  be  folio  wed  up 


¥UCa  307. — ^M laJtlpftf ar  f^iif Hon  eeH  ttom  IhA  intertor  «oma  of  tb«  «pint!  eonl 
of  th«  PK.  with  ATI  mxlB  cYlli^iJer  fimceit  (*),  «nd  other  proiAplwrn  procfMn 
w]|h   Ihtlt  fiinillcatiotii,  from  vrhkJa  the  Anc»t.  nbiisft  t*ka  origin  iMltct 

into  the  bo<iy  of  tlie  ganglion  ceU,  and  mny  be  easily  recognised  titer«, 
eepectally  in  the  external  portions,  im1:MKlded  in  n,  finely  molecular 
mass.  Their  conrsa  Ib  a  (complicated  one*  sometitne.«t  diverging  on 
entry,  and  sometimes  giving  riso  to  nn  interlacemeut  of  croBsing  and| 
r&-cros.iLng  dbrillic.  Connection  with  the  nncteua  or  nncleolus  doc* 
not  lake  place»  Whether  we  have  here  the  tme  origin  of  the  primi* 
tive  tibrillii?^  or  w*hethcr  the  latter  merc4y  undergo  a  re  arrnngemenl 
lierej— tbat  is,  that,  arrivhig  from  remote  localitica  through  the  varioiisJ 
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protoplnsni  processes  and  penetrating  the  body  of  a  cell,  they  ar»i  collw!<ni 
together  in  the  latter,  and  pass  out  as  an  axU  cylinder^ — ^are  qutiations 
still  undecided» 


Fl^.  81OS-— G^i^aUfln  c*l1  from  thp  «nt«ric>r  comti  of  Ihf  «p^nftl  enrf  ftf  tin 

KiiiABKH.— See  J^oleV  tTcatise  in  th«  Pkit,  TVatis,  for  lA«  ye^ir  1@€3»  pftrt  iL 
p«  543.  Many  other  Gemmn  obiervers  ^agr«i»  urith  us  ui  our  vj«w  of  tliA  ptrobftbly 
»l«slb  Ufttun  of  the  aptral  fibre«. 

§  180. 

Having  become  ajoquainted  witli  the  two  kiuds  of  fortn-elementa  of  the 
nervoua  system,  let  ns  now  turn  to  the  crmsideration  of  tlmt  gmerai 
arrangement  in  the  peripherai  ner^XfUff  apparatm. 

The  nerves  of  the  brain  and  spinal  cord,  differing  in  their  whit©  colour 
from  those  of  the  sympathetic  fiystom,  lyhich  arc  usually  grey  or  greyish 
redp  become  elotl^ed  with  a  delicate  enyelo|>6  at  their  exit  from  ihn 
nervoua  centret.  This  covering  receives  another  nddttion  from  the  dttrft 
mater  of  connective-tissue  bundles  in  its  passage  through  the  latter,  aud, 
thus  strengthened,  constitutes  what  was  formerly  known  as  **nenrilemmÄ,*' 
but  which  we  will  designate  from  henceforth  **  perineurium  "  (1). 
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Internally  ihm  perineuria m  extends  between  the  bimdles  of  nerve-iibFea, 
which,  a5  in  musde^  may  he  divided  into  primary  and  m-condarf/j  and  in 
which  the  tubea  are  aliBody  arranged  in  the  series  in  which  they  even* 
tiially  l*.*ave  the  trunk.  In  some  caiaea  the  connective  tiaane  preset  vea  its 
hhrou»  character,  especially  when  it  binds  together  larger  coUectiona  of 
nervous  tubes  than  usual,  while  around  the  primary  fasciculi  it  appears 
Father  as  a  homogeneous  nucleated  substance»  Again,  having  become 
modi6ed  to  a  homogeneous  material,  it  enters  into  the  formntion  of  tlie 
piimitiva  sheaths  around  the  medullary  portion  of  the  nerve-tubes  con* 
tftiDed  in  the  trunk.  Finally,  the  latter  is  traversed  by  a  scanty  network 
of  capiljariea,  consisting  of  fine  tubes  measurixig  about  0'0056  mm. 

From  the  fact  that  the  primitive  fibres  run  along  side  by  side  unctiangml 
in  the  nerve,  without  giving  any  indications  as  to  their  functions  hy  their 
appearance,  ail  branchings,  anastomoses,  and  formations  of  plexuses,  may 
be  regard e<l  by  the  physiologist  with  tolerahls  indifTerence. 

As  is  well  known,  there  occurs  a  progressive  »pi it  ting  up  of  the  nervous 
trunks  at  very  aiiute  angles  in  their  course  towards  the  periphery.  Thu*, 
the  primitive  tu  lies  leave  the  stem  or  common  path  in  bun  dies,  and,  bend- 
ing off  sideways,  pursue  their  way  separately  towards  the  organs  they 
Bupply.  *J1ie  action»  of  tlie  various  nervefi  is,  however,  by  no  means 
determined  hy  this  arrangement ;  but  in  one  made  up  of  sensitive  and 
motor  fibres,  this  formation  of  branches  may  bring  about  a  separation  of 
the  latter. 

AmisfomttiteSi  for  the  interchaüga  of  di^erent  kinds  of  fibres  for  anato- 
luical  endsj  are  connections  between  neighbouring  nerves  or  branches  of 
the  latter  Wo  may  distinguish  between  simple  and  double  anastomo«at 
also.  In  the  firet^  a  number  of  nerve^tubes  pass  through  a  conBeeitiig 
branch  into  another  trunk,  pursuing  in  this  their  further  course  j  In  tlm 
second,  both  nerves  exchange  übres  with  one  another. 

I^ttis  interchange  of  fibi^s  between  adjacent  nerves,  when  it  takes  pUoe 
to  any  great  extent,  gives  rise  to  the  so-called  plexus, 

Thejiu  hranchiiigA,  anastomoses,  and  formations  of  plexuses,  are  eon- 
tinned  ilown  to  nerves  of  microscopic  minuteness,  and  even  in  thtf 
organs  within  which  the  latter  are  to  terminate.  In  them  especially  tlie 
formation  of  plexn-^es  is  a  very  general  occurrence  just  before  the  final 
radiation  of  the  fihrillie,  and  has  been  alike  described  in  earlier  and  mons 
recent  times.  In  the  larger  and  more  ma.ssive  plexuses  sui  intercluinge  af 
single  primitive  fibres  alone  is  to  be  observed  ;  while  in  the  finer,  or,  as 
they  have  been  called,  the  terminal  plexuses,  repeated  divisions  of  Ihti 
nervous  tubes  anrl  retiform  intepcorarannications  between  their  bf&neh«» 
have  been  met  with« 

In  its  whole  course^  from  its  central  origin  until  towards  its  periphettti 
distribution^  the  nerve  fibre  does  not  change  its  character  in  the  least,  and 
its  diameter  but  to  a  slight  degree. 

With  the  progressive  division  of  the  nervous  trunk^  howeverj  certain 
modifications  of  tiie  connective-tissue  sheathing  make  their  appearance. 
Tliia  latter,  namely,  decreases  in  amount  from  the  stem  towards  the 
branches,  and  appears  no  longer  fibriUate<l  on  the  finer  twiga,  but  only 
streaky,  until,  finally,  in  the  terminal  filaments,  we  find  nothing  hut  a 
homogeneous  nucleated  mass,  This  sin>plest  form  of  perineurium  may  ho 
seen  on  little  twigs  which  only  contain  a  i^w  primitive  fibres,  Kven 
single  nervous  tubes  may  course  through  a  tissue  for  a  considerahlo  dis- 
tance in  a  clothitig  of  this  kind,  until  they  terminale  finally  with  loss  oi 
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the  latter*  In  ittch  cases  th«  conuectiTe-tisÄüe  onvelope  ia  p^rineuriutn 
and  neurilemma  at  the  same  time.  These  facta,  however,  are  variously 
viewed,  fiomo  regaixliug  this  simpUfieii  perineurium  as  a  tbick  primitive 
ehentU. 

The  trunks  and  bmncbes  of  the  sympathetic  system  are  essentially  the 
Bame  in  etructuTs  a^  those  just  des<;ribed,  except  that  iu  them  Memak*s 
Jibres  (already  mentiuned  at  5  176)  make  their  appearance  in  great 
numbers. 

Remarks,— This  nanje  w«n  first  ii[>pti«(l  by  Hdbin  to  the  envelope«  composed  of 
dmpte  dot] ii«eti Vi«- tissue  of  the  iiiieat  twigs. 

i  IBL 

From  time  immemorial  anatomiet^  and  physiologists  have  been  occu- 
pied with  the  question,  how  the  nervous  fibres  terminate  peripheraJlj', 
In  older  times,  of  course,  before  the  introduction  of  micro&copic  analysis, 
f*onjecture  alone  could  be  formed  on  this  point  It  was  supposed  that 
the  nervous  twigs  broke  up  into  liner  and  finer  fibrils^  which  became 
fused  linally  with  the  tissue  of  the  organ  they  supfdietl. 

With  the  aid  of  the  microscope,  about  the  ibirtielh  year  of  this 
century,  it  waß  already  a  matter  of  no  difficulty  to  follow  the  pi-ogressive 
sub'di vision  of  the  smaller  branches  down  to  their  finest  twige,  and  to 
recognise  here  and  there  the  course  of  the  latter  through  the  tissue,  as 
well  as  the  formation  of  the  plexuses  and  minutest  anastomoses  already 
mentioned  (§  180). 

At  that  time  many  o  I  «servers  maintained  that  tliey  had  found  a 
looped  termination,  and^  moreover,  in  the  most  different  organs.  They 
supposed  that  two  neighbouring  fibres  were  always  united  at  the  peri- 
phery in  the  fonn  of  u  wider  or  narrower  loop,  or,  what  is  but  another 
mode  of  expressing  the  same  thing,  that  each  nerve  tube,  on  arriving  at 
the  periphery,  became  doubled  on  itself,  and  took  its  course  back  again  to 
the  nervous  centre,  from  whence  it  came,  This  theory  of  terminal  loops^ 
which  held  gocd  for  motor  and  sensitive  fibres  alike,  led  however  to  great 
physinlogicfll  difficulties» 

We  now  know,  from  a  series  of  newer  and  more  accurate  inve«tigationp, 
that  these  loops  are  of  frequent  occurrence  among  the  peripheral  ramifica- 
tion a  of  nerves,  but  that  they  possess  no  terminal  significance,  since  the 
nerve  fibre  in  this  curved  course  hm  not  yet  arrived  at  its  tinal  destina- 
tion. This  theory  of  the  looped  termination  of  nerves  has,  therefore, 
disappeared  from  histology. 

As  far  as  we  know  at  present  (though  our  knowledge  on  the  subject 
Y»  still  in  a  most  unsatisfactory  condition),  nervous  fibres  terminate  without 
any  meduJtary  substance — ^fiist  of  all  in  the  form  of  simple  or  ramifying 
axis  cyUnderg^  and,  in  the  next  place,  in  the  form  of  pi^imifive  ßbnita*. 
The  final  disappearance  of  the  fibre,  moreover,  is  frequently  seen  to  take 
place  in  special  ** terminal  structures"  or  "end  corpuscles,"  These  are 
either  torrtjfhx  or  mn^fle-t'died, 

§182, 

It  was  for  some  time  supposed  that  an  insight  of  the  mode  of  termina- 
tion of  the  motttr  nenhit  in  strijml  mmde  (fig*  30*))  had  been  gained  witli 
tolerable  correctness  through  the  labours  of  i?.  Walter  and  lUichert  (1). 
It  was  believed  that  the  motor  nerve  tube  ceased  on  the  striped  fibre  after 
repeated  sub-division  in  the  form  of  pale  terminal  filanients.     On  account 
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of  this  repeated  splitting-up  of  the  piimitive  fibres  further,  a  couaiJemhle 
numher  of  terminal  filaments  could  be  formed  from  a  few  of  the  latter  (*2)» 

80  far  the  difficulty  of  following  up  the  nerves  is  but  amall,  if  we  takn, 
for  insiance,  the  platjsma  of  the  frog. 

But  expeneticiä  teachea  that  this  repeated  divisiou  of  motor  nerve  fibres 
Is  pectdiat  to  tlie  lower  orders  of  vertebrate  animab.  lu  fisihes  also  it  may 
giv6  vim  to  tiie  format] on  of  more  thaa  cue  buudred  terminal  tilamenla 
from  one  such  ;  and  primitive  fibrea  are  by  no  mean  a  rare,  which  supply 
up  war  da  of  fifty  muscular  fibreÄ. 

Among  the  higher  orders  of  vertehrata,  on  the  contrary,  this  splitting 
up  becomes  leas  and  less  frequent,  so  that  its  occurrence  is  only  excep- 
tional aratJiig  the  nrnmniiilia.  The  number  of  muscle  and  nerve  fibres 
becomes  almost  the  same, — ^a  fact  of  great  physiological  importance. 

If  w©  examine  one  of  the  thin  transparent  muscles  of  a  frog,  we  find 
without  any  difficulty  the  small  trunks  of  the  nerves,  which  have  entered 
tbe  substance  of  the  latter,  l^ing  sometimes  obliquely,  sometimes  paraliel 
to  its  fibres,  and  giving  off  numerous  branches  and  anagtomotic  twigs. 
In  human  aurt  inammaliau  muscle  likewieo  a  plexiform  interchange  of 
fibres  between  adjacent  twigs  may  be  observed. 

At  the  points  of  division  of  the  latter,  and  especially  when  they  have 
attained  a  considerable  degree  of  finenej;®^  and  contain  but  few  primitive 
fibres,  we  not  uu  frequently  perceive  tbe  manner  in  which  a  nerve-fibre 
suddenly  hreaks  up  into  two  or  more  branches,  with  a  contractioii  generally 
at  tbe  point  where  the  latter  part  from  one  another.  Tbeae  branches 
possess  the  same  medullatcd  appearance  aa  the  parent  stem,  and  pass 
onwards,  according  to  the  character  of  the  whole  nerve,  more  or  less 
d  i  vorge  n  t.    Decc  p  ti  ve  appearances,  however,  aremattersofpossibilitybejie. 

At  those  points,  however,  when?,  in  the  further  course  of  their  nimifiea- 
tions,  tbe  nerve  fibres  come  to  lie  either  singly  or  in  extremcdy  small 
number  together,  traversing  thus  the  muscle  in  a  usually  oblique  direction 
(309,  «),  their  further  subdivision  may  be  most  distinctly  observed* 

This  most  frequently  occurs  by  division  into  two  threads,  more  rarely 
into  three  or  four.  The  latter  may  either  correspond  to  one  another  in 
breadth,  or  are  unlike  in  that  respect  (a  below  and  in  the  centre).  Con- 
tractions at  the  points  of  division  may  not  be  present,  or  if  so,  only 
slightly  marked ;  or  again,  they  may  be  very  strongly  pronoiuiced.  But 
complete  solution  of  continuity,  to  such  an  extent  that  tite  empty  primitive 
sheath  alone  remains,  is  always  an  artificial  production.  The  axis 
cylinder,  on  the  other  hand,  divested  entirely  of  medullary  sheath,  appears 
frequently  as  a  natural  formation. 

The  division  of  this  axis  ej linder  is  for  the  rest  hardly  anything  inoro 
than  the  separation  of  the  origin  a!  primitive  fibrillin  into  two  now 
fasciculi  of  smaller  diameter. 

In  consequence  of  this  repeated  division,  the  nerve  fibres  (which 
possessed  at  the  outset  a  medium  diameter  of  O'0142-O'Ol  13  mm,  and  a 
double  contour)  become  gradually  reduced  in  calibre  dowTi  to  0  0056  mm.. 
and  lose  their  double  outline  (b), 

Finally,  however,  we  observe  the  terminal  twigs  of  0*0045-00038  mm. 
in  breadth  approaching  the  single  muscle  fibres  in  the  form  of  free  axis 
cylinders  having  Jost  their  dark  tnedullated  appearance,  and  apparently 
ending  liere  in  two  short  branches* 

It  was  formerly  believed  that  we  had  here  in  these  pale  fibres  the  Irua 
termination  of  the  nerves,  while  it  still  remained  a  matter  of  uncertainty, 
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owing  to  tbe  difficulty  of  luveBtigation^  whether  this  took  place  externally 
un  the  sarkolenuna,  or  after  parfomting  the  ktter  m  the  interior  of  the 
Ümhy  substance. 


tcnnLnul  fllAjni'nfii  b,  t;  ^  ah  QQdliY|i!l«<|  iiem^  ni^re  wish  it  rhU'k  cnvtlnp«. 

l^'rom  a  whole  series  of  receut  i&vcsligiitionB,  among  whifh  those  aLoncs 
of  Beule f  Kühlte,  Margo^  Kodliker^  Kraitse,  Mouget^  Engt-Jmuvn  (3^,  iie#d 
here  he  mentioned,  the  eoncluBiön  hm  been  arriyed  at  that  this  early 
view  Ü  likewi^  untenable,  and  that  the  true  ending  of  the  fibrea  takea 
place  far  beyond  these  apparently  terminal  twigs. 

l^ut  iti  what  form  and  where  this  final  cessation  of  the  fihre  is  situated, 
whetht^r  within  or  external  to  the  sarkolemma,  is  a  point  about  which 
consideruhle  difference  of  opinion  still  preyaik. 

Beule ^  Krau^^  and  KodUker  believe  the  tibre  to  terminate  eatieroally^ 
while  the  other  observe ra  are  of  the  opinion  that  it  perforates  the  sarko- 
lemtna ;  and  we  believe  rightly. 

In  ftrt,  we  may  see,  on  exanunation  of  tlie  muscular  fibres  of  Terte- 
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bra  tea  (fig.  310),  that  tEe  dark-edgeil  primitive  fibre  (a,  h)  approaches  the 
muscle  fibre  (g,  left),  enclosed  within  &  loo«e  nucleated  sheath  (t^  <f),  and 
pierces  the  sarko!ensma,  while  the  neurilemma  becomes  continuous  with 
the  latter  (c,  left).  Iteneatli  the  shenth  of  the  inuscie  the  terrainul 
fUamont  swelb  up  into  a  finely  granular  mass  of  a  flattened  form  contttining 
nuclei  {/,  left).  This  merges  at  its  edgRa  (e,  e),  and  concave  under 
surface,  into  the  fleshy  substance  of  the  fibre  (4). 

To  thid  structure  in  which  the  fibre  ends,  and  which  occurs  only  singly 
in  mammalian  muscle  fibres,  has  been  given  the  very  appropriate  name 

of  "  terminal  plate "  by 
Kraust  Rottgetf  Eng^lmann^ 
nml  others;  while  KiiJine 
calls  it  the  **  neural  emin* 
ence"  {Nervenhügel). 

In  the  mammalian  body, 
in  which  these  termiual 
plates  are  well  developed, 
and  occupy  a  not  iucon* 
siderable  portion  of  the  sur* 
face  of  the  muscle  fibre, 
their  diameter  ranges  from 
0  0390  to  0^0602  mm.,  whüe 
in  thick nesa  they  vary. 

Their  nuclei  are  smooth, 
clear,  oval,  and  contain  one 
or  two  nucleoli,  thereby  dif- 
feiing  from  the  more  opaque 
fonnatiouB  of  tho  nenri- 
lemma,  and  likewise  from 
those  of  the  muscular  fibres 
In  diameter  they  range  from 
0*0049  to  0  0099  mm, 
fts. 310— TwotnaJKüiiirfibrtiifmin  tiiepMiunf  tJitGuine*'    Tlieir    uumher  is   liable  to 

|ili,%  showing  tci-HiloitliiiMi  of  Of  rtr*.     n,  ft,  th«  primitive       vitriftM<^n    ■       frfim       fr*iir      trt 

tn-ariieinmn  witb  ütieifli  d,  d,  contiimou»  with  the  wwlti^-     twenty  being  louud  in  one 

lemma  a,  w;  ft»  nauBde  nuclei  i    i 

plate. 

Terminal  plates  of  the  i^me  kind  are  to  be  met  with  in  birds  and 
reptiles. 

But  a  number  of  questions  relative  to  the  nature  of  these  iirural 
emiiKmees  must  for  the  present  be  left  unanswered,  and  perhaps  for  a 
long  time  still ;  fur  instance  :  Do  we  see  in  them  the  whole  of  tlie  ultimate 
distribution  of  tlie  fibre  1  Does  the  finely  granular  substance  of  which 
they  are  composed  take  its  origin  from  a  transformation  of  the  axis 
cylinder,  or  does  the  latter  end  within  them,  and,  if  so,  in  what  form  I  On 
these  points  there  is  no  lack  of  variety  of  opinion. 

According  to  Xraustf  we  may  recognise  a  pale,  single,  double,  or  triple 
fibre  (axis  cylintler)  within  the  terminal  pkte,  ending  with  a  swelling  or 
knob  upon  it.  A  very  fine  and  somewhat  tortuous  fibre  wa«  also 
remarked  in  the  same  situation  by  Schllnn.  But  from  Küktie^s  reitearches, 
which  from  oar  own  observations  we  are  inclined  to  regard  ai  correct,  w« 
jearn  that  tlie  f^tructure  is  far  more  complicated.  On  its  entrance  into 
the  terminal  apparatua  {fig*  311),  the  axit*  cylinder  of  tho  nervB  fibre 
divides*  anil  spreads  out  with  further  ramilittatioii  into  a  peculiar  pal« 
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flji*  iU.— A  tdUMüLfl  fibre  from  tht 
JlMTfL»  fl;  ft,  11  err e  ßbrü?  £,  difhotu« 
rii(iA9  dir  1*1  on  in  tli«  lermlnia  piuU, 
with  trinfHInn  Into  th«  true  cermlniU 


formatioD,  bounded  by  undulating  Iinf*a  and  truncated  processes.  This  I» 
the  "  true  terminal  plate."  The  nuclei  and 
finely  granular  suljstanco  of  the  "neuKÜ 
emtneacö  "  am  situated  beneath  this  struc- 
ture, adjacent  to  the  fleshy  mass  of  the 
fibre  (5).  Engehnann  also  speAki  of  an  ar- 
borescent arrangement  of  branches  of  the 
axis  cylindt^r  lying  in  the  granular  sub- 
stance of  the  neural  eminence, 

Kow  if,  as  would  appear  to  be  the  case, 
the  distribution  of  the  nerve  fibre  be 
confined  to  the  immediate  maag  of  the 
terminal  plate^  tlia  extrenjitiea  of  tba 
muscle  fibre  must  remain  without  nerirous 
supply,  in  that  the  former  is  set  into  the 
latter  at  about  its  middle.  But  the  flesliy 
matter  manifests  contractility  at  the  ex- 
tremities also  ! 

The  bearing  of  the  terminal  portions 
of  the  nerves  supplying  the  muscles  of 
the  lower  onlera  of  vertebrates ^  of  naked 
amphibia  and  fishes,  present  new  difficulties  in  this  so  uncertain,  but  phy- 
siologicaHy  so  important  aubjecL  Here  we  fiud  that  those  complex  mul- 
tinudear  terminal  plates  are  no  longer  present.  In  the  frog,  the  nerve 
tube,  on  arriving  at  the  fibre,  not  unfrequently  breaks  up  into  a  multitude 
of  dark-edged  fibrils,  forming  thus  the  "  terminal  tuft  *'  of  Kiihn^.  These 
having  pierced  the  sarkolemma,  course  along  within  the  muscle  fibre  as 
iutra-muscukr  axis  cylinders  with  isolated  nuclei,  and  eventually  become 
merged,  to  all  appearance,  in  the  fleshy  mass.  Wliether  we  have  to  deal 
here  with  simple  uninuclear  terminal  plates  {Krauset  Waldeijer)  (of  which, 
in  that  case,  several  would  seem  to  foe  present  in  one  muscle  fibre),  or 
whether  this  fiystem  of  intramuscular  a^is  cylinders  may  not  represent  in 
the  frog  the  true  terminal  plate  of  XratLse,  mentioned  above,  are  questions 
which  must  be  determined  by  future  research,      ^ 

According  to  Krause,  these  terminal  plates  are  to  be  found  also  in  the 
heart  of  the  rabbit. 

Taken  from  other  souncea,  the  reaalta  which  have  been  obtained  on 
inquiry  into  the  nature  of  the  final  terminations  of  nerv*e  fibres  aro 
essentially  difierent, 

ReMAR]£8.— L  /.  Millltr  and  Brücke  appear  to  have  been  the  first  who  ol>s^rv^d 
^trüion  in  the  nerve  fibres  smppljiiig  mnscle,  in  the  yvnr  1814.  2,  Thus  JUte^Ari 
f?cmnted  7-10  afferent  nervous  fibres  in  tho  tliln  pUtysma  of  the  frog,  containing 
«bout  160-1  BO  iniiäcuhr  fihrea.  These  split  up,  tveatually,  with  progresaive  rami* 
fientiaii,  into  2&0-340  terminal  filanients.  3.  With  re^rd  to  the  fiiml  distribution  of 
nerr«Ä,  modern  literature  i&  very  rich-  ConipaTe,  besides  the  works  of  Continental 
tnvefltigttors — nf  ^Ma«,  Mmtgei,  Ki>elliktf^  Mngdmann^  and  olhern^ — Btnh  {Fr&xtd' 
in§9  <^iha  Jicr^l  Soc^  vol  x*  p,  519  ;  Phil.  Tranmei.  for  th^ymr  1861,  p.  ail ; 
and  1862,  ?t.  2,  p,  B^9  ;  also  his  Jrchitx^  o/Mtd.,  N».  11,  p.  257  ;  and  m  tbe  QwirL 
Jrtum.  of  Mitroa,  Sailer,  1S63,  p,  Ö7  ;  Proe^tdings,  p,  3«>2  ;  and  lastly  (1364)* 
TransftH.^p,  04.  4,  This  is  most  heiiutifuily  seen  in  the  groitp  of  smflll  spider-like 
«nimslH,  the  tafdii(ridet.  Keeet  whert»  mnny  yesra  ngo  the  terminatioai  of  the 
nerves,  ie,,  th«  neural  emiaenc«  or  Urroinal  plote,  Imd  heen  recognised  hj  I>oytr8t 
the  naked  nerve  fibre  applies  itself  to  the  likewise  membratii^lesii  ihusqU  obre,  and 
both  mni^s  become  fmed  one  into  the  other  at  the  point  of  contact.  If  we  now 
iiui|iOH  both  nerve  and  mnsck  iibre  enclosed  in  their  sh ruths,  ^^e  ohtöin  the  same 
niatioa  of  parta  la  in  the  mammitl  body.     5,    Ai^rording  to  Jtt^u^,  the  neniol 
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eminence  ia  not  the  true  terminal  stracture.  The  nerve  fibre,  ho  aays,  becomes 
forked  ^among  the  Arthropoiis)  at  the  summit  of  the  ominencet  giving  on  two  fibrÜA. 
These  kttcr  then  travel  the:  suh^tatice  of  the  termlniLt  pUte^  mud  breaking  up  into 
iinmerous  tlUmenta,  cml  in  tliu  Ü&ihj  mua  of  the  muscalai^elemenL  €.  According 
to  Beale,  there  is  situati^d  on  the  exterior  of  the  sarkolemmti  a  very  fine  uacIeQrted 
network  of  nervous  eJeraents,  to  which  formation  this  English  investigator  lUfoiibes 
JQat  tis  little  terriimal  aignificance  oe  «Isowht-re  in  the  hody,  in  that  the  ncrrm  are 
only  «prf &d  <mt  penphfiraJly  in  loops,  A  similar  view  of  the  subject  had  hecn  pre- 
vinusly  taken  by  Scwfhaitatn,  The  statement s  of  sueh  a  niaa  as  B^cd*^  however» 
and  tne  peruliar  methods  of  investigation  made  us<^  of  by  him»  dea^rv^e  more  con- 
si  Jemtinn  than  has  as  yet  been  giren  them.  Kmlliksr's  views,  as  regards  the  tffmiai- 
tion  externally  upon  the  uarko£Biiii%  oi»Teipoiid  with  those  of  Bem.  On  tlie  other 
hand,  he  only  recognisea  pale  termluAl  fibre«  in  the  frog,  which  he  regitrd*  m  ©oH' 
tinuations  of  the  axh  cylinder  and  primitive  sheathi  ami  which  pmliably  end,  as  a 
rule,  naked.  He  eneounteTtwl,  however,  itome  iaolatüd  cases,  whiüh  seeniud  to  indicate 
a  termination  in  a  very  fine  dt-nse  network.  Margoa  views,  on  the  other  band,  are 
completely  diffcreuL  Accoriting  to  him,  the  nerve  pierces  the  «arkolemmo,  sink« 
into  the  fleshy  matter^  and  is  in  communie^tCon  here  with  a  peculiar  termiJial 
apparatus.  The  latter  he  looks  upon  m  fonned  of  the  great-er  imrt  of  the  muiNile 
nuclei  and  the  network  of  the  so-calleti  iiiterslitial  granular  threaJjs  {|  166)» 

§  183. 

Turning  now  to  unstriped  nmacular  tissue,  we  üikI  it  far  more  diffiottlt 
to  recognise  in  it  the  final  distribution  of  the  nerve  lib  res  tlian  in  the  tiflsne 
we  have  Just  been  considering.  Bi vision  occurs  here  also,  aa  has  been  seen, 
for  instance,  in  the  stomach  of  the  frog  and  rabbit  by  Ecker;  in  the  höftTt 
of  amphibia  and  nerves  supplying  the  uterus  of  rodentia  by  Kilian, 

In  the  mesentery  of  the  frog  (tig.  312),  moderately  treated  with  acetie 
acid^  we  may  observe  in  the  narrow  medullated  nerve  fibres  enclosed  in 
a  thickened  envelope  several  repeated  dichotomous  divisions,  until  at 
last  the  branches  penetrate  the  walls  of  the  part  and  are  removed  from 
further  observation.  These  fibres  are  enclosed ^  as  was  before  indicated, 
in  a  thick  nucleated  envelope. 

Bui  what  becomes  of  these  nervous  element«  on  anival  in  the  unstriped 
muscular  tissue  t 

This  is  a  question  which  for  a  long  time  remained  without  any  satis* 
factory  answer  It  is  true  that  years  ago  plexuses  or  networks  of  pale 
delicate  filaments  bad  |»een  met  with,  with  nuclear  structures  at  the 
expande^l  nodal  points,  and  that  this  network  was  held  by  many  to  be  n 
terminal  stnjcture,  which  view  seemed  strengthened  by  the  fact  of  the 
occurrence  of  a  similar  nervous  end-formation  in  the  electric  oi^)ans  of  the 
ray. 

But  not  long  ago  an  important  discovery  apparently  was  made  by 
Frankenhäuser,  subsequently  confirmed  by  Lhidgren^  and  more  recently 
still  through  the  most  comprehensive  researches  by  Arnold.  This  was 
that  the  nerve  fibres  of  smooth  muscle  penetrate  to  the  nucleus  of  the 
contractile  cell  in  the  form  of  a  ^ue  terminal  Ulameut,  the  primitive 
fibrilla,  and  end  probably  id  the  nucleolus. 

From  ArnolcTd  experiences  itwonld  appear  that  the  nervous  twigs  sup- 
plying unstriped  muscle  consist  partly  of  medullated  and  partly  of  non- 
medullated  fibres,  in  varying  proportion.  We  encounter  the  latter  as 
fine  or  broad  threads,  measuring  in  diameter  0*0018-0  002  mm.,  and 
showing  at  intervals  small  nuclei.  Externally,  in  the  connective-tissue 
covering  the  muscle,  these  nerves  are  arranged  in  the  ft^rm  of  a  wide- 
meshed  network,  in  which,  as  Bfcde,  has  poinLt'd  out^  ganglion  cells  are 
to  be  found  at  certain  points  in  the  muscles  of  the  vascular  System.  To 
this  the  name  "  ground  plexus  '*  has  been  given  (1)* 
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¥lg.  Si3. — Two  nimjw  bmnttilnf  neTre  flbrri  fti,  b\  from 
the  mi^fetttery  nt  the  (fog.  »unchUiidi'U  wnh  m  thirk 
ni;ic1(!iit<^  «ntdop«,  Ac  1^  thu  tninkA;  st  L!  a»d  S,  the 
bruieheiL 


From  this  plexuB  are  given  off,  in  the  first  place,  medulliited  nervous 
fibres,  which  asiume,  after  a 
longer  or  shorter  course,  the 
form  of  pala  longitudinally 
«triat4?d  hands  of  0  0041- 
0  0050  mm,  in  diameter,  con- 
tainiDg  at  interyals  nuclei  of 
the  eame  dimensions.  The@e 
hands  become  gradually  nar- 
row^ed  down  until  we  meet 
them  a^  tha  nucleated  fibres, 
0  0018-0  0023  mm.  in  dia- 
meter, which  haveheen  already 
mentioned. 

From  these,  again,  is  formed 
a  second  network  with  toler- 
ably *  broad  rhomboidal  or 
elongated  meshes,  whose  no- 
dal  froints  show  nuclei  with 
diatinct  nucleoli.  Pale  fibres, 
however,  are  also  given  off 
directly  from  the  ''ground- 
plexus'*  to  the  muficle  cells. 
This  the  "  inter Daediate  net- 
work" (%  313)  lies  imme- 
diately upon  the  layers  of  mus^ 
cular  tissue,  or  between  the  latter.  From  it  there  pass  off  smaU  fibres  which 
penetrate  between  the  muscle  fibres.  These  are  only  supplied  with  nuclei 
at  the  commencement,  and  becoQie 
rapidly  smaller,  so  that  after  repeated 
subdivision  they  are  reduced  to 
threads  of  0*0005-0  0003  mrn,  in 
thickness.  On  the  latter,  as  well  at 
their  point  of  division  aa  elsewhere, 
there  occur  elliptical,  round,  or  other- 
wise shaped  sweEings  or  granules. 

The  la^ mentioned  fine  fibres  unite 
once  again  to  form  a  new,  but  this 
lim«  very  cloae-meshed  network,  the 
**  intramuscular,"  whose  varicose  fib- 
rillse  occtipy  the  narrow  passages  be- 
tween the  contractile  cells. 

Finally,  leaving  this  intramus- 
cular interlace  men  t,  dark  straight 
^  fibres  of  extreme  fineness  pass  off, 
which  are  at  the  very  most  0  0002 
mm,  in  thickness;  These  penetmte 
into  the  contractile  cells,  and  ad- 
vancing to  the  nucleus,  terminate, 
according  i^*  FrafJcenhäitmr,  in  the 

nucleolus.     The  number  of  terminal  filaments  which  enter  any  one  muscle 
corresponds  with  the  number  of  granules  occurring  in  the  nucleus 

lfi3> 


*2*- 


fig.  SIS.— IlAtFtll\i-Anon  of  nerre«  And  tprtniti*- 
llon  in  the  ninFcular  tiinlc  at  n  tni«Jl  artery  of 
■l  f  rüß  i  fmm  Amald^ 
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Arnold  belieires,  howeTer,  that  in  very  manjr  eftfiee  tb^se  fibiillie  leave 
ibe  nucleoli  again  ia  an  opposite  directioo,  and  after  having  trayersed 
the  nucleus  and  Ijody  of  the  cell,  unite  once  more  with  the  in  train  use  ular 
network-  Accord iog  to  thiä,  the  naulcolus  would  appear  to  be  not  the 
terminal  point,  but  only  a  kuot  on  the  ultimate  &lamentk 

Later  on  we  shall  have  to  discuss  the  reticulum  of  the  Corneal  nerval 

We  must  now  turn  to  the  consideration  of  the  nerves  mtpphjlng  glands, 
which  were  discovered  by  Krause.  Here,  besides  dark-edged  fibres  which 
occur  in  the  salivary  and  kchrjnial  glands  of  mammals,  and  come  to  an 
end  in  peculiar  terminal  structures,  to  be  referred  to  again ;  besides  these, 
pale  nucleated  nerve  fibres,  only  about  0*0020  mm.  in  diameter,  may  be 
remarked  between  the  glandular  follicles,  and  applied,  with  dual  at  vision, 
to  the  so-called  membrana  propria  of  the  gland  element.  Theae  tibres  just 
described  take  their  origin  from  dense  networks  of  meduUated  tubeu 
situated  around  the  excretory  ducts  of  the  lobules* 

Finally,  it  is  stated  by  Fßü^er  that  in  the  salivary  glands  the  deliette 
end  filaments  of  the  ner\^e  fibres  terminate  in  the  gland-cells  after  piercing 
the  membrana  propria.  He  has  also  seen  the  processes  of  multipolar 
structures,  lyiug  extenvü  to  the  follicles,  coming  to  an  end  in  the  same. 
These  he  supposes  to  be  ganglion  ceils.  The  aamo  observer  states  that 
a  similar  arrangement  of  parts  is  to  be  seen  in  the  pancreas.  In  the  liver 
also  he  has  fi^und  a  connection  lie  twee  n  the  nerve  fibres  and  gland  celk. 
Between  the  cells  likewise  of  the  lacrymal  gland,  a  radiation  of  fi^ne 
terminal  fibres  has  been  described  by  Boll,  We  regret  being  obliged  to 
express  our  incredulity  as  regards  the  correctneas  of  all  these  statements; 
in  our  opinion»  the  termination  of  the  nerve  filaments  in  glands  is  still 
unknown. 

UtUJkMKS,—Pkiha,  Trans,  for  the  year  1863,  part  ii.  p.  &d2> 

§  184. 

llie  final  deatination  of  the  sensory  nerve  fibre,  to  which  we  now  turn, 
i^  found  to  be  in  the  first  place  a  special  terminal  »irnctur^ — the 
extremely  abstruse  and  much-disputed  question  of  their  bearing  in  most 
of  the  organs  of  special  sense  we  leave  out  of  the  question — in  the  next 
place,  it  seems  probable  that  the  fibre  may  end  with  free  ramifica- 
tions 

The  best  known  anatomical  recipients  of  the  sensitive  nerves  are — (1) 
the  Faeifdan  bodiei ;  (2)  the  tactile  earjmsdes  of  Wa*^ner  and  Mmssmr  ; 
und  (3)  the  terminal  bulbs  of  Krame,  The  first  of  theee,  the  oldesit 
discovery,  present  the  greatest  com  pie  ad  ty  of  structure ;  the  last  or 
newest,  the  least. 

The  terminal  bulbs  of  Krause  {fig.  314}  are  found  in  the  human  being 
on  the  sensitive  nerves  of  the  mucous  membrane  and  in  the  skin.  They 
are  met  with  again  in  the  cmijunciiva  hulhi^  in  the  mucoua  membrane  at 
the  base  of  the  tongue,  in  the  fusiform  and  circum vallate  j;iapülie  of  the 
latter,  and  in  the  sott  palate,  glanB  penis  and  ditaris,  in  the  mam- 
malian body  they  axe  also  widely  distributed.  They  have  been  also 
met  with  in  the  external  skin,  a^,  for  instance,  in  that  of  the  mouae,  and 
they  occur  on  the  volar  aspect  of  the  Guinea-pig's  toes.  Their  nature^ 
moreover,  is  the  same  in  the  mammalia  as  in  our  own  frame. 

The  form  of  these  structures  in  the  mammal  is  egg-shaped  (1,  a), 
01)751-0*1409  mm.  in  length,  and  (2  a)  about  one- fourth  as  brood.  In 
man  and  the  monkey  they  are  more  I'oimded,  their  diameter  being  from 


TISSUES  OP  THE  BODY. 


327 


0'0322  to  0*0751  mm.  Some  isolated  bulbs  may  ^tt&ln,  bowerer, 
much  gre^itcr  dimcüisioiiaf  and  twbtod  or  indented  forms  are  also  mei 
with. 

The  terminal  buJb  of  A'/viüäc  conai&t«  of  a  tianspariiiit  nucleate  envelopOi 
containing  a  aoftj  homogeüeons,  slightly  lustrous  substance* 

Tbö  nerves  connected  with  it  (e)  undergo  subdivision  into  branches 
more  Of  less  frequently  repeated  (1*,  2).  Thus  from  one  pHmitiTe  fibre 
from  6   to  1 0  terminal  corpuscles  may  be  , 

supplied  On  entering  the  latter,  the  pri- 
mitive fibres  of  medium  sise  unlil  there 
(about  0  0046-0 -007 5  nun.)  beuonje  imm«' 
ntely  stitl  finer,  constitutijvg  then  the  pale, 
nou-niedullated  end  filamt^nt  or  axia  cylin* 
der  (1  b).  The  latter  is  0-0039-0-0029 
umi.  iu  thickness,  passes  through  the  axü* 
of  the  structure,  and  enila  towanla  its  upper 
pole  with  a  slight  button -like  swelling 
about  0*0046  mm.  aerus^. 

The  temdnal  bulbs  of  the  human  con- 
junctiva (2)  frequently  prosont  ainuositiee 
and  twists  on  the  primitive  tube  as  it 
is  about  to  enter  or  has  already  entered  tbe 
former.  These  may  he  present  to  such  an 
extent  as  to  form  a  regular  convolution, 
especially  in  the  interior  of  the  corpuscle. 
Within  the  latter  itself,  or  before  its  en- 
trance, a  splitting  of  the  nerve  tube  may 
tiike  place  ;  beside  which  many  varieties 
are  to  ho  seen  as  regards  it^  bearing. 

The  ntmiber  of  thesis  formations  also 
»eems  to  vary  consiilerably.  In  1  Q'"  of 
the  conjunctiva  of  the  calf  Krottm  noticed 
13  terminal  bulbs. 

Structures  allied  to  the  latter  wore  al^o 
nirt  with  by  Kramst  in  the  ghrns  clitoridisj 
and  in  smaller  number  in  the  penia. 
lliese  "  getnial  nervt-corpu&chs "  lie  in  the  tissue  of  the  mucoj^a  at  tlm 
bisei  of  the  papillae  of  the  mucous  membrane.  In  si^e  and  form  they 
Tafy,  some  of  them  attaining  a  diameter  0'143&,  or  oven  0-2001  mm.  Aa 
a  ehamcteristic  of  these  genital  nerve 'corpuscles,  constrictions  may  be 
mentioned  which  occur  in  varjing  number  on  the  surface,  and  com- 
municate to  the  whole  a  mulberry  like  appearance.  They  appear  to  be 
the  recipients  of  sexual  sensation,  for  which  reason  Fmf/^r  proposes  giving 
them  the  name  of  ** sensual  corpuscles"  (Wollustkörperchen), 

The  same  observer  has  described  another  kind  of  structure  similar 
to  the  end< bulbs,  as  present  in  the  racemose  glands  of  mammalia.  These, 
the  **  ef\d  cajmiies  of  th^  gUmd  nei'Ves^^  have  a  somewhat  elliptical  form, 
und  consist  of  a  number  of  concentrically  laminated  membranes,  from 
fiur  to  eight  of  which  may  he  observed  in  each,  and  which  are  studded 
with  numerous  nuclei.  In  the  interior  is  to  be  *:!een  the  minute  cylin- 
drical end'hulh,  which  is  not  unfrequently  of  sigmoid  figure,  and  whose 
axis  is  occupied  by  an  almost  immeasurably  line  lustrous  terminal  Ü1  re. 
The  latter  springs  from  a  dark-edgcsd  nerve  tuVw* 


riir.  Bli*— Tf  nrlnal  hnlb»  1,  From  III« 
f>f]tijunt-tivii  of  ft  calf.  tF,  From  tbut 
of  a  tiutnbii  bvljipr.  a,  iVulbt  a  lterr# 
Sbifi  ending  Iju1>  ^Tk  «J.k«  cytkn^li  r  i^). 
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§  185. 

Anatber  modificAtion,  to  a  certain  extent,  of  these  end  bulba  of  Kramm  1 
ifl  presented  to  us  in  the  tactile  or  ioxi^h  corpuscles  of  the  skin  (fig.  31Ö), 

The  nervoujs  network  supplying  the  latter  give  off  primitive  libres 
towards  the  bases  of  the  so-called  tactile  papillae  (p.  234),  which  po^ 


ti9  of  thehtiMUi  iBdufinffer» 


forward  either  isolated  or  lying  together  in  small  fascieiili  of  microscopic 
fineness.  Hcr^  division  of  the  nervoua  tubes,  at  acute  angles^  oocura 
with  great  fcequeticy* 

These  touch-corpuscles  may  be  found  on  the  volar  aspect  of  the  £ngeT8 
and  toes,  and  on  the  palm  of  the  hand  and  sole  of  the  foot  Their  number 
ii  greatest  on  the  aspect  of  tinxion  of  the  last  joints  of  the  fingers,  and 
deoreases  then  from  the  second  to  the  first.  In  the  palm  of  the  hand 
they  are  still  fewer  in  number.  Thus  iu  the  Q"'  to  400  papülfE,  108 
tactile  corpuscles  were  found  by  Mti4stmr  on  the  last  joini^  of  the  finger, 
whue  in  the  second  joint  the  latter  only  amounted  to  40,  on  the  firat  t-o 
15^  and  in  the  palm  of  the  hand  to  8,  Their  amount  is  also  most  con- 
siderable on  the  last  joint  of  the  toes.  Here,  however,  the  p  ro  port  ion  ^  as 
compared  to  the  hand,  is  very  small  On  the  back  of  the  hand»  Uio 
dorsum  of  the  foot,  and  volar  surface  of  the  forearm,  we  may  alj^io  en- 
counter a  few  of  these  tactile  corpuscles.  Kraua^  has  found  them« 
besides,  in  the  conjunctiva.  Finally,  they  are  to  be  met  with  in  the 
nipple  and  skin  of  the  lips,  though  in  but  moderate  number.  In  the 
latter  regions  intermediate  forms  between  them  and  the  terminal  bulbs 
have  been  described.  Among  the  mammab  they  have  only  been  recog- 
nised in  the  ape,  in  the  palm  of  the  hand,  sole  of  the  foot,  aod  akin  of  the 
lips  (3/eiWier,  Krause), 

Size  and  form  are  liable  to  considerable  variation*  In  the  mla  mamm 
ihey  measure  upwards  of  0*1115  mm.  with  a  breadth  of  0*0451-0*0663 
nun.  Smaller  specimens  may  only  reach  0'04ti  1-0*037  7  mm*  Those  of 
greater  dimenaiona  are  usually  oval ;  those  of  amaller,  mostly  of  Founder 
tig  are. 

These  structures  aro  situated  in  the  axis  and  ape£  of  the  tactile  papiUie, 
but  eccentrically  in  those  wliich  are  in  any  degree  compleit.  Only  the 
latter  are  eKceptionally  supph'ed  also  with  Väscular  loops  (tig.  315  ;  in  the 
middle  a  double  papilla)«  Otherwise  those  which  contain  taetile  eo^ 
puseles  are  non- vascular. 

The  touch  corpuscle  consists  of  a  capsule  formed  of  a  homoganeoui 
substance  enclosing  a  finely  granular  soft  matter  be.^t  seen  in  tranefTifM  i 
section. 

In  the  capsule,  further  wo  may  remark  numerous  elongated  bodlet 
arranged  transversely  or  obliquely.     We  shall  refer  to  these  again  pr&- 
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Tie  318— Two  ttuniMä  licttfe  rmtjrllic  frorn  »he 
Tolir  cBifficfl  of  tho  laAnx  ftngfr.  In  the  Ititri'lnr 
we  have  the  tuctUi]  corptmelei,  tut»  wha*e  il»itc 


illliS^.  They  communicate  to  the  whole  stnictura  a  characteriatic  trans* 
veraely  8 1 Hated  appeamoce. 

The  nerve  iihrei  (fig.  316}  pass  out  to%vards  these  hoJiea  either  singly, 
or,  as  is  more  frequently  the 
<!a^  double :  at  times,  bI^o^ 
they  are  trebled  or  quadrupled. 
They  are  enveloped  in  «im pie  iieu- 
rilerafna  (fig,  310),  which  is  con- 
tinuous with  the  capsule.  They 
are  dark-edg^d,  0*0045  mm,  and 
less  in  bread t!i,  and  enter  tho  base 
of  the  touch-corpuBcle,  or  at  times 
ulao  ita  itde. 

The  mode  in  which  they  end, 
however,  is  difficult  to  determine; 
At  limes  a  peculiar  twining  of  the 

rlierve  tubes  around  the  tactile  cor- 
puscle may  be  remarked,  or  they 
ay  be  seen  to  run  for  a  greater  or 
less  distance  straight  along  the 
latter.  They  all  finally  pass  into  the 
intc'rior  of  the  corpuscle,  however, 
but  in  what  manner  they  end  there 
is  itill  una^ertained.  In  all  probability  they  spread  out  in  the  form  of  pale 
noü-medallated  fibres  or  axis  cylinders,  like  those  of  the  ternjinal  bulb. 
That  the  transversely  arra.nged  nuclear  bodies,  already  mentioned,  are  con- 
nected with  the  termination  of  the  fibiillffi  appeara  extremely  improbable. 

§186. 

We  turn  now,  in  conclueion,  to  the  Pacinüin  f/odies^  which  may  be 
likened  to  a  terminal  bulb  enveloped  in  numerous  concentric  capsules  t»f 
con  nee  tLve- tissue. 

As  they  come  under  our  notice  they  are  elliptical  structures ,  sometimes 
more  elongated  than  at  others,  and  measuring  from  1  to  2  mm.  in  length. 
To  tho  unaided  eye  they  appear  translucent,  and  marked  towards  the 

rAxis  with  a  streak*  In  man  they  occur  regularly  on  the  nerves  supplying 
the  pülra  of  the  hand  and  sole  of  the  Iwt,  but  w  ith  especial  frequency  on 
those  pjis^ing  Ui  the  tops  of  the  fingers  and  toes.  Their  t<^?tal  number,  in 
these  [larts  taken  together,  haa  been  estimated  at  from  6ü0  to  1400* 
According  to  Mtiulter^they  are  met  with  also,  but  with  leas  frequency  and 
constancy,  at  many  other  {>oints  in  the  body  :  thus  on  the  dorsum  of  the 

(foot  and  back  of  the  hand^  beneitth  thtj  skin  of  the  arm,  forearm,  and 
neck  ;  on  the  intercoital  nerves,  and  all  the  articular  nerves  of  the  extre- 
mities. They  are  likewise  to  be  found  on  many  nerves  sup  [dying  bone, 
and  in  the  interior  of  the  muscles  of  the  hand  and  foot ;  further,  in  tht^ 
nerves  of  the  parts  of  generation,  and  (inally  on  the  plexnaes  of  the  sjni^ 
pathetic  system,  round  about  the  abdominal   aorta,     Aj^ain,    they  are 

I  encountered  among  the  mammalia-  especially  on  the  sole  of  the  fuot,  and 
with  exquisite  distinctness,  and  in  greater  or  less  nnmber,  in  tlie  mesenteiy 
of  th^  cat.  Pficinlan  bodies  are  also  found  in  birds  as  well  as  in  mammals, 
although  modified  to  a  certain  extent. 

The  lamina?  of  the  capsules  are  looked  upon  aa  formed  of  connective- 
tissue,   consisting  of   an   either  hotn^igeneous   or  somewhat   librillat«!d 
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Fig;  I17-— jhir*ßKntbcNliM  from  thetucMtt" 
[ery  of  ft  fat^  a,  a  nrrvn  vr\t\i  in  pcrU 
neuTfamfonnLniii  thf  itulk  \ti^thf  »j^iti^in 
qf  t^ft^nleA*  c^  aii^'I  cuiil  or  InLemNl 
bulb,  willita  wti^clii  thi  D«irrD  tul»  cndt 


ground  substance,  in  wktcli   elongated   nuclei   or  cella  are  imbedded 
On  the  internal  surface  of  these  membranes  a   mosaic  markmg,  like 

fjpithelium,  has  been  recently  remarked 
by  Hoyer  after  treatment  with  nitrate  of  j 
silver.  These  systems  of  capaulea,  fur^ 
iber,  are  traversed  by  a  scanty  vascular 
network.  The  individual  lamime  of  wliick 
tbey  are  composed  foEow  the  contour  of 
tbe  whole  corpuscle,  and  are  not  so  thick 
outwardly  as  witbiji,  wLere  tbey  appear 
more  condensed,  and  where  they  sur- 
romid  in  gb ortet  curves  the  canal  or  in- 
ternal  bulb  occupying  the  axis.  Tha 
latter  consists  of  a  soft  nucleated  connec- 
tive substance. 

The  internal  bulb  (c)  is  rounded  off  at 
its  term  in  at  ion.  Its  walb,  like  those  of 
tlie  capsules,  are  continued  at  tlie  oppo- 
site extremity  into  a  stalk  {a),  by  which 
tlio  Pacinian  body  is  attached  like  a  be ny 
to  the  nerve. 

This  style  consists  of  ordinary  longitu- 
dinally marked  connective-tissue,  and  is 
formed  by  the  perineurium  of  tbe  afferent 
nervous  fibre. 

The  diameter  of  the  latter  is  0'0142- 
0*0113  mm.  and  leaa.     It  presents  the  usual  meduUated  appearance,  and 
HO  reaches  the  corpusclo,  at  whose  inferior  pole  it  makes  its  entry  into] 
tbe  central  can  a!,  occupying  the  axis  of  the  latter.      On  entering  the) 
central  passage  the  Hbre  loses  itä  dark  border,  as  is  tbe  case  in  the  ter^ 
uiinal  bulb  of  Kraum;  it  then  becomes  considerably  diminisbed  in  sijES, 
and  comes  to  an  end  as  a  palf^  terminal  filament  or  axis  cylinder  of  dis-  ^ 
tiactly  fihrillated  constitution.      The   latter  traverses   tbus   the  whoJo  ^ 
internal  bulb,  and  ends  at  the  roof  of  the  latter  (e,  above)  with  a  sUghl 
button-like  swelling. 

Division  of  the  nerve  fibre  before  its  entry  mny  oecur ;  and  not  unfro- 
quently  do  we  see,  too,  the  pale  terminal  Jibro  splitting  into  two  or  three 
branch  es  J  divisions  in  which  the  axial  cmial  may  also  participate* 

Very  rarely  two  nerve  tibres  are  seen  to  enter  the  same  üorpU9cle, 
and  tenninate  singly  or  doubly  in  a  single  internal  bulb  {Kod^ 
iiker). 

Many  other  variations  besides  those  mentioned  here  must  be  passed 
over. 

That  these  Pacinian  bodies  are  connected  with  the  sensory -nervcna 
apparatus  can  hardly  he  a  matter  of  earnest  doubt  any  longer,  since  tha 
discoveries  of  Wafpicr^  Meis^ter,  and  Mratt^s, 

REMA.KKS.-^These  wQudroua  structures  urerr  knovi'ti  cvtii  long  «go,  but  the^l 
received  but  little  attentiou.  The  old  German  mnatomiat  I  Vit  {»bservedi  mor»  th^ni 
a  century  ago,  that  the  nerves  of  the  skin  of  tlio  pahu  of  the  hand  aui]  sdl«  of  Itie 
fcwt  were  stud  Jed  not  uufreqnently  with  «ninll  oval  swi?lUnga,  to  which  hi  gav«  Ibe 
name  of  papillae  jirrrc^.  Later  on,  iti  the  yitnr  '30,  after  hiiving  hcvn  coinplet*lT  j 
forgotten  far  some  timp,  tbey  were  again  diarovcred  by  Faeini  of  fiBtoja,  nmi  noticed  I 
r)«o  At  the  same  time  in  Freuce.  They  wi*ri*.  Iiowpver,  spedicilly  brought  into  notioai 
111  rough  a  monograph  by  Menk  mnd  JCotfthker,  vthich  ipjieared  ia  tb«  yeaf  ISlI 
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Tb««  two  obierviT«  gave  the  portitucles  the  name  of  Fadnian  htd'its,  without  my 
Idta  of  their  ppevioii»  di»ßov«iy  hy  Faier.  Thiet  nume  hm  bft€ti  rt?tained  bj  ioi&e, 
while  by  others  the  fftni^turcs  are  deaigmated  ui  Vakr- Pacinian  corinuclea. 

J  Having  finifihed  the  consideration  of  tbeee  terminnl  bodies,  let  us  now 
tum  to  the  question  ae  to  how  the  remaining  wholly  eeusible  nerves  etndj 
one  of  the  most  obscufe  aubjecta  in  minute  nervoui  anatomy,  and  one 
about  which  much  uncertainty  still  prevails. 

It  k  quite  obvious  tbat  centripetal  nerves  must  occur  in  voluntary 
iiiusde  as  recipients  of  muscular  eensatioo.  Our  acquaintance,  however, 
with  them,  is  still  very  slighlk 

With  a  view  to  throwing  some  light  on  this  point,  the  platysma  of  llie 
frog  was  subjected  by  KodUker  to  minute  investigation,  being  peculiarly 
well  suited  for  this  purpose.  Here  there  is  to  he  seen — possibly  springing 
from  the  division  of  a  single  hroad  nerve  tube — a  slight  nervous  ranjifiCÄ- 
tiou,  confining  "itself  almost  entirely  to  the  anterior  surface  of  the  muscle, 
7'he  narrow  nervous  twigs  of  the  sjime  are,  at  their  commencement,  etUl 
dark-edged,  hut  become  paler  as  the  branching  progresses,  und  are  seen 
later  on  as  fibrils  clothed  with  a  loose  neurilemma  studded  with  nuclei. 
Eventually  they  terminate,  after  the  loss  of  this  envelope,  in  the  form  of 
extremely  fine  still  branching  filaments.  The  latter  measure  less  than 
0  0023  mm.  in  diameter.  At  intervals  in  their  course,  as  well  as  at  the 
nodal  points  of  their  division,  small  structures  like  nuclei  arc  to  be 
observed.  Eetiform  connections  among  the  fibres  appear  to  occur  only 
aa  exceptions. 

In  connection  with  other  nerves,  however,  to  which  a  sensory  nature 
may  be  ascribed  with  greater  or  less  probability,  termuial  networks  of 
various  kinds,  formed  of  pale  fibres,  have  been  described.  Arnold  the 
younger,  for  instance,  mentions  such  an  one  on  the  miriace  of  the  eon- 
[nnetival  mucous  membrane,  and  BiUrolh  another  on  the  mucous 
membrane  of  the  pharynx  of  the  water  salamander*  Again,  Kof^lUker 
S|>eaks  of  one  in  the  mucous  membrane  of  the  small  intestine  of  the  frog, 
and  confirms  BiUrüth's  etiAtements  as  regards  the  pharynx  of  tlie  lost- 
mentioned  animal, 

Similar  terminal  networks  of  pale  fibres  have  also  been  described  by 
A^mann  and  Ciaetio  as  occurring  in  the  cutis  of  the  frog,  and,  many 
years  ago,  as  existing  in  the  tail  of  the  tadpole.  Kh'tn  has  also  met  witli 
the  same  networks,  and  described  them  as  occurring  very  widely 
throughout  the  body  of  the  same  an  im  ah 

For  many  years  past  we  have  known  of  ei*rtain  isolated  instances  of 
their  occurrence  in  the  skin  of  maminab,  and  BaJwbl  hüs  recently  demon- 
strated their  presence  here  in  great  abundance. 

There  can  be  no  longer  any  doubt  that  tlie  most  superficial  terminar 
tions  of  sensible  nerves  frequently  penetrate  into  the  epithelial  layers  of 
their  org&ns. 

But  their  ultimate  arrangement  is  still  very  %'arioualy  explained.  Tlie 
fiict  is,  that  at  tlie  present  time  our  modes  of  investigation  are  «till  too 
imperfect  to  admit  tif  our  settling  the  matter  conclusively. 

Some  Bup{>08e  them  to  end  in  a  terminal  plexus,  so  that  we  would  only 
have  an  internrixture  simply  of  epithelial  cells  and  nerve  fibres.  Others, 
i^ftiD,  state  that  the  latter  penetrate  into  the  e^lls  and  end  in  the  nucleoli. 
Äildly,   many   support    tlie   view    that    there   exist    certain    peculiar 


332 


MANUAL  or  HISTOLOGV* 


^*; 


►V*' 


sktteturea  imbedrled  in  the  epitlieliuni,  in  which  the  nerve  fibres  ter- 
minate, Theae  are  known  as  Langerluins'  celb.  A  few  more  points  may 
be  mentiüned  in  regard  to  these  views. 

A  few  yeBr3  ogo  an  ex  eel  lent  observer^  Hennen^  stated  that  m  the  tail 
of  the  tadpnlij  the  terminal  filaments  penetmted  into  the  nucleoli  of  tUö  , 
epithelial  cf^lls.     His  observations  gained  greatlj  in  interest  tlu-ough  the  j 
further  investigations  of  FranksnJiäuser  and  Arnold  (§  1B3)*     But  thosoj 
statements  have  not  ßinee  been  confirmed,  and  must  now  be  declared  j 
incorrect :   this  we  maintain  against  Lipmmin^  who  assert«  that  very- 
delicate  nerve  fibriltfis  may  be  seen  to  terminate  in  the  nucleoli  of  th© 
posterior  epithelial  cells  of  the  cornea. 

We  must  also  confess  our  disbelief  in  Joseph'tf  theories  with  regnr*! 
to  a  similar  ending  of  the  nerves  in  the  cella  of  bone,  and  to  Lavdotoskp'^ 
with  re-spect  to  those  of  tlie  cornea. 

But,  on  the  other  hand^  we  have  since  learned  from  the  beautiful  inves- 
tigations of  Hoijei*  and  Cohrtheim^  that  very  fine  nerve- fibres  or  primitive 
fibrillfe  do  terminate  in  the  epithelium  of  the  corneal  conjuuctiva.  Of  this 
there  can  be  no  doubt. 

The  cornea  posses-ses  several  distinct  plesmses  of  these  nerve  fibres, , 
From  the  most  superficial,  which  lie«  close  under  the  lamina  ekutica  .\ 
aitterior  (fig.  318),  and  which  oonsists  of  bundles  of  delicate  priraitivs 

fibnll^e,  there  arise  at  inter^ 
vals  isolated  twig»  (^),  which 
perforate  this  anterior  boun- 
dary layer  of  the  cornea  per- 
pendicularly. i\rrived  at  the 
external  surface  of  the  latter, 
they  break  up  into  a  tassel  of 
primitive  fibril  la*,  and  form 
a  "  sub-epithelial  plexus  "  of 
the  most  delicate  threads 
(&,  below),  with  elongated^ 
meshes  radiating  from  th^l 
centre  of  the  cornea  (Gtiiiie«  { 

pJg). 

From  this  horizontal  end* 
plexus  a  number  of   printi- 1 
tive  fibrills9  are  given  off  \ 
side  branch esj  which  aacetid  ^ 
vertically  in  the  epithelium,  sending  out  twigs  in  various  directions,  and 
terminating  as  such  in  the  superficial  epithelial  layers.    The  same  armnge- 
ment  almost  m  to  be  seen  in  the  human  cornea. 

Acconlitig  to  Kiein^  two  very  dense  webs  of  the  most  delicate  nen^e 
fibres  are  to  be  found  in  the  epithelium,  a  deep  and  a  terminal,  which  is 
VTsry  superficial,  only  covered  by  about  two  layers  of  cells. 

In  the  year  1868  Langerkaiis  pointed  out  fine  non-medullated  nerve 
fibres  passing  in  between  the  cells  of  the  reie  Mtitpighü^  partly  uniting  herft 
with  elongated  oval  cells  measuring  0'0088-00033  mia,  and  partly  pass*  ' 
ing  on  farther  npwanls  with  subdivision.     This  arrangement  was  con- 
finned  AS  existing  in  the  eornP4i  of  the  rabbit  by  Pode^tpaew^ 

A  similar  armngement  of  terminal  nerve  filaments  had,  however,  been 
foimd  before  this  in  the  mucous  membrane  of  the  tongue  by  Frej/feldt- 
SzaJmdJiHdy  ;  and  Luschka  made  the  same  discovery  in  regard  to  the  lining 


Ftar.  St i.— Til«  fimeA  cf  a  mbbtt  In  verlidjil  ncctli^ii  nft^-r 
treatiDFiit  yrith  chloride  of  f^olüL  a,  thv  nl4cT;  t,  (ho 
70RTiK*2r  «pUhöUiil  ci'lln  »f  th«  jinteTlrir  torfice;  r,  come«! 
Ctuue;  d,  A  n^rt«  twiff;  f^Aiieit  fllaüient«  or  ttrlinltlv» 
flbrlllK;  /,  tbelT  «pUtüng  up  mid  tfirmij^Mtlon  In  the  epU 
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membrane  of  the  human  kiynx.     Kimcfrff  appears  to  have  seen  similar 

ithingB  in  ilie  mucous  nieni braue  of  tlie  frog  s  bladder,  and  recent  inveetiga' 

Fiions  hj  MoranOj  Kictn,  Elm,  and  ChrschtschonmnUfh  ^  show  tliat  tke  flame 

t arrangement  of  non-metlu Hated  li  lumen ta  exists  in  the  epithelium  of  tht) 

conjunctiva,  mouth,  and  of  the  vagina,  sometimea  with,  »omctimoa  witli- 

out  the  corpuscles  of  iMn^erhtirm. 

The  mod^  of  termination  of  the  nerves  in  tlie  pulp  of  the  Iccth  (ali^iMiy 
mentioned^  p,  269),  has  also  heen  recently  foUoweti  up. 

Karvous  twigs  have  long  he^n  known  to  exist  in  the  walls  of  tliis  atme- 

t  tiire*    They  may  be  easily  seen  herp,  and  consist  of  dark-hordered  fibre« 

whose  diameter  is  0-0038^  OOtlT  mm,     Tiie^e  mo  upwards  parallel  to 

each  other,  and  then  form  an  elongated  nervous  network  by  the  bmnching 

cf  their  fasciculi 

By  the  binary  subdivision  of  these  nervous  twigs  immense  numbers  of 
very  delicate  silky  primitive  ftbrilL»  are  formed,  according  to  Boll^  which 
TPsemhle  elastic  tibres  in  some  degTee»  but  which  are  nevor  seen  to  join  in 
a  reticuiated  manner.  These  pass  in  between  the  odontoblasts  (p.  S70)  to 
reach  the  inner  surface  of  the  dentine,  where  they  probably  sink  into  the 
dental  canal iculi.  Thus  the  latter  contain  a  double  system  of  fibres, 
composed  partly  of  Tombs'  dental  fibres  (p*  270)^  and  partly  of  these 
nerve  fibres.  The  weU-known  sensitiveness  of  the  tooth  depends  upon 
the  latter» 

f  ISB. 

We  now  turn  to  one  of  the  most  difficult  subjects  in  nervous  histology, 
ftud  one  which  is  still  the  theme  of  much  controveiisy — namely,  the  eiruc- 
iur^  of  the  ganglia. 

In  rcgafd  to  the  relation  of  the  nerve  fibres  to  the  cell»  even  in  the  bodiea 
of  fishes,  where  research  is  attended  with  least  dilHculty,  considerable  differ- 
ence of  opinion  still  exists.  But  this  is  tlie  case  to  a  far  grater  extent  in 
man  and  the  higher  vertebrates,  where  the  difficulty  of  obtaining  good 
and  servjccahle  objects  Is  very  great  Besiile^,  it  would  be  hardly  prudent 
to  make  use  here  of  analogy  to  too  gri^at  an  extent,  and  to  apply  those 
discoveries,  which  have  been  made  m  the  body  of  the  fish»  to  the  human 
oi^giinisation  without  duo  cantion, — in  that  we  are  not  able  to  estimatii, 
with  any  certainty,  the  wiiole  physiological  connection  between  nerve 
fibres  and  cells  in  general*  On  tho  other  hand,  it  is  no  le«s  danger^jua  to 
take  isolated  observations,  which  have  heen  with  difficulty  made  on  the 
human  and  mammal  body,  and,  generalising  from  these,  to  dasli  off  with 
bold  strokes  plans  of  the  organisation  of  the  nervous  knots,  which  dastdc 
us  for  a  time  by  an  apparent  physiological  consistency ^  it  is  true,  but 
which  may  he  subsequently  recognised  as  entirely  incorrect. 

At  first  sight  we  recognise  investing  the  nervous  ganglia  an  envelope  of 
connective-tissue  of  varying  thickness,  a  nuKlified  perineurium,  consisting 
partly  of  fibrillatod  connective-tissue  alone,  aj^d  partly  of  the  latter  Lnter- 
mixed  with  Beniak^s  fibres^  This  (ibrous  mass,  in  which  the  blood-vessels  of 
the  ganglion  are  situated,  extends  also  into  the  intcri[>r  of  the  organ,  which 
is,  however,  chiefiy  made  up  of  ganglion  cells  packed  closely  together. 

The  nervous  trunk  or  trunks  entering  the  knot  (fig,  319,  b)  are  divided 
in  the  latter  into  fasciculi,  which  conduct  themselves  in  various  ways. 
Some  of  them,  namely,  traverse  the  structure  directly,  or  with  but  litlla 
deviation  from  the  straight  line  (^ ),  while  others  are  resolved  into  primi- 
tire  äbfilla!  {/),  which  continue  their  course  through  the  ganglion,  twist- 
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ing  and  winding  in  every  possible  direction  between  the  cells  of  the  latter. 
Eventually,  however,  they  become  aguin  WTjited  into  hundlesj  which  äsm- 
ciftte  themselves  with  those  which  passed  through  in  a  straight  line.  In 
this  way  are  fwmed  the  Htem  or  stems  which  leave  the  ganglion  (d,  e). 

The  nerve  fibrefl  entering  the  knots  have,  on  this  account,  been  classed 
into  **  direct"  and  "  tortnous,"  terms  which  will  still  he  found  approprnte. 
There  exist^  however,  as  might  be  supposed,  many  interniodiate  forms 
between  the  two  modes  of  arrangement. 

It  used  formerly  to  be  believed  that  the  relation  of  the  fibres  to  the 
cell«  within  the  ganglion  was  only  that  simply  of  close  proximity.  This 
view,  however,  was  found  to  satisify  the  requirements  of  the  physiologist 
just  as  little  m  that  which  held  that  the  nerve-fibres  ended  in  loops,  and 
wai  finally  abandoned  on  the  discovery  of  the  origin  of  the  fibj^es^ 

Con  fining  ourselves  for  the  present  to  the  »piniü  ganglia  (fig.  319),  we 
^  find  that  a  nutober  of  investigatora  have 

observeil  an  extraordinary  arrangement  in 
these  structures  in  the  fish,  namely,  that 
all  the  n er V Otis  fibres  of  the  posterior  root 
of  the  ganglion  are  interrupt^  in  their 
courfie  within  the  latter  by  %  cell, — the 
hrortder  fibres  usually  by  a  larger,  the 
finer  hy*a  smaller  element. 

'J'he  corresponding  ganglia  of  mam- 
mals and  man,  however,  present  bnt 
rarely  mich  bipolar  cells  {h).  Here 
some  of  the  processes  may  take  an  op- 
poaite  course,  as  in  the  fish,  or  both  pass 
out  below  towards  the  periphery  (a).  A» 
a  rule,  we  meet  with  nerve  cells  here  which 
only  give  off  one  process  towards  the  dp- 
cnniferunce  (/),  which  may  subsequent^ 
ly  diviiie  into  two  fibres,  according  to 
Memak.  Finally  (and  it  is  in  the  spinal 
ganglia  of  the  smaller  niammaUan  animala 
that  we  obtain  the  most  characteristic 
objects),  isolated  apolar  cells  are  to  be 
found  {0,  prtihably  but  undeveloped  forms 
of  the  first  kinds.  It  appejirs,  neverthe- 
less, undeniable  that  a  certain  number  of 
the  nerve- tubes  enterinf^  the  spinal  gan- 
glia may  pass  through  the  latter  without 
being  connected  in  the  least  with  its 
cells.  How  many  do  so  is  not  yet  deter- 
mined. 
The  ganglion  cells  found  In  the  eymjTatheth  knots  (fig.  320,  d^  a,/) 
appear  tti  be  somewhat  smaller  as  a  rule,  but  not  so  much  so  that  we 
should  feel  ourselves  justified  in  placing  a  distinction  between  gf/mpatfi£iic 
üells  and  esrthro^nmd  on  this  account 

The  nervous  fibres  are  some  of  them  broad,  hut  for  the  most  part  fine 
tubes  (ii,  ^1,  r).  Besides  these-,  there  may  be  seen  in  the  sympathetic 
ganglia,  and  sometimes  in  considerable  quantity,  those  formations  known 
as  Rcmak'n  fibres 

Finally,  turning  to  the  relation  of  the  two  kinds  of  structural  element i 
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f\e.  310— A  iplna]  frATiftllau  from  Ihft 
mammiil  e  (dia^rttmmatic}.  a,  «interior 
cv  mo-tor,  &,  tKJ^iteiinr  qt  i^nsLrife  r^Kif ; 
(t  *,  efforent  ni^irvoiii  tniiik;  k,  direct, 
ftnd  I,  cnrtuodi  flbrea;  /«  aulpnUr,  ^ 
i.ud  h,  bipolar,   ant]   r,  »pol at  ffunf^llDii 
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poiftr  cells;  <f*,  Kami*  »r  Et.«  Utter i)r|th  ft  dlTlrt^ 
tnjc  nerr^  fibre;  f;un)p4.iftr,  uiil/  ■po:u-  cells, 


to  one  another, — in  the  first  place,  apolar  ganglion  cells  (/)  are  to  bo  met 
with,  hut  whether  their  imraber  is  a  laige  one  or  no^  we  are  unahle  to 
determine.  Secondly,  nnipolar  cellft 
(4?)  aneencountei^d,  giving  off  a  deli- 
cate nerve  fiht^^  which  ia  distributed 
peripherally.  Again,  we  meet  with 
bipolar  ganglion  corpnseliis,  whofle 
two  nerve  tubes  toke  a  course  at 
one  trme  opposed  to  each  other,  at 
another  in  the  tame  direction.  It 
is  one  of  the  many  things  also  for 
which  we  are  indebted  to  Remuh\ 
that  he  has  pointed  out  besidc^^  the 
existence  in  the  sympalhetic  of  a 
fourth  form  among  the^e  elements, 
namely,  the  multipohir  cell  Taking 
their  rise  from  the  latter  (d),  we  seo 
from  three  to  twelve  processes  which, 
by  lapid  ramification,  may  soon  in- 
crease  thnscfolil  (r/*).  The  amount 
of  these  is  dependent  on  the  number 
of  nervous  trunks  in  connection 
with  the  syrti  pathetic  knot,  and  into 
which  the  processes  are  continued  in 
the  form  of  nerve  tubes  :  thus  it  is  greater  in  tlie  solar  plexus  than  in  the 
ganglia  of  other  parts  of  the  cord. 

According  to  the  observer  ju^t  mentioned,  the  processes  of  unipolar  and 
bipolar  cells  of  sympathetic  ganglia  undergo  diviaiDii  likewisf^* 

5189. 

Beside  these  larger  ganglia  jtist  described,  we  have  to  consider  a  multi- 
tude of  smaUet,  and  also  most  minute  nervous  knots,  which  have  only 
recently  been  recognised,  owing  to  their  frequently  microaeopical  dimen- 
sions. We  find  thezn,  on  the  one  hand,  containing  numerous  ganghon 
corpuscles,  or,  again,  with  but  few  of  the  latter.  Their  number  is  quite 
surprising  throughout  the  body*  They  seem  to  belong,  more  or  less,  to 
the  sympathetic  system,  supplying  principally  the  smooth  and  involuntary 
muscles  with  their  fibres. 

Among  these  may  be  numbered  groups  of  ganglion  cells,  which  are 
found  in  the  ciiiary  muscle  of  the  eye,  on  the  branches  of  the  circular 
plexus  to  be  found  in  the  same  (CZ  Ki^aum^  IL  Müller),  Several  small  tvvigs 
from  the  ciliary  nerves,  likewise  penetrating  into  the  choroid  coat,  form 
tbere^  in  the  deeper  portions  of  the  latter,  a  delicate  plexus,  in  which 
aeattered  ganglion  cells  and  small  a^regations  of  the  same  have  been 
remarked  (//.  Müller  and  SühweifjgeTt  Sanmh). 

Other  small  nervous  kuota  were  discovered  also,  many  years  ago,  by 
HtTttak  on  tlie  branches  of  the  N.  ylof^nphanpi^eue^  distributed  to  the 
phamy  3t  and  tongue ;  but  those  on  the  twigs  of  the  Linguaiü,  supplying 
the  la^t- named  organ,  are  still  more  minute.  The  nervous  twij^'s,  likewise 
distributed  to  the  walls  of  the  larynx  and  bronchi,  as  well  as  the  interior 
of  the  lungs,  bear  also  similAr  ganglia  upon  them. 

Another  series  of  extraordinary  ganglia  is  to  be  met  with  in  the  muscle 
of  the  heartjpresenting  itself  in  man  and  the  mammalia  imbedded  in  the  sub* 
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itanca  of  both  yentricles  and  aaricles  {Rtirnak).    The  most  carefully  studied 
have  been  those  of  the  frog,  where  they  ate  sitiiated  in  the  stsptum  between 

the  annclea^  and  at  the  union 
of  the  latter  with  the  Ten- 
tricles.  They  are  said  only 
to  contain  unipolar  celJa. 

Tliese  ganglionic  plexusea 
Bra  alfio  encountered  in  great 
abundance  in  the  walla  of  the 
alimentary  c^naL  Here  at^j 
tention  was  iiist  directed  to 
them  by  a  diBcovery  of  Mei4/^ 
net^i^  which  initiated  a  aeries^ 
of  further  investigationsw 

The  first  of  these  gangll-] 
oiiic  and  nervous  plexueea  | 
extends  in  the  human  \ 
aud  mammalian  intestine 
from  the  stomach  downward«  i 
through  the  aubmucosa.  Iti  | 
peripheral  branches  probably  ] 
contain,  for  the  meet  part» 
motor  elements  ior  the  mttf*  j 
ctiluf^^s  mucoim  and  some  few 


ftf.  3S?1.— A  ir«ti|EUfvn  rr^m  tlie  fubmucou  of  rhi  ntuüL 
Uit«alliie  ^t  A  lacliliiijr  teq  dB/»  did.  a^  jrani^Llon ;  b, 
nervQo»  twitta  leWitn  nü  by  the  Ijitter;  #,  iojM?ted  ci|itl- 
Ury  Dtüturnrk.  ThU  prrparatlem  had  bcc^u  mäcerBtetl  for 
a  ri37  king  {k!i1u4  Vn  pyroligneoua  «cld^ 


i^ensible  fibres  for  the  mucous  membrane. 

ITiia  submticous  gamjliou  plexus,  as  seen  in  the  infant  (figs.  326  and 
S22,  1).  has  narrow  moshtjs,  but  in  the  adult  broader  and  more  irregular  ■ 
ones.     The  number  of  twigs  given  off  from  it  is  variable  (%  321,  ^\ 

aud  the  ganglia  differ  ^m 
greatly  aa   to   size   andj 
shape  (fij^.  321,  a;  323» j 
I,  a).     The  smaUer  oeUi] 
of  the  ktter  are  entangled  I 
in  the  meahes  of  a  nuc- 
leated perineurium  whieh 
clothes  (fig,  321,  h;  322, 
c)   iike^viBe  the   eilbreDt 
trunks  and  eommiseunes, 
consisting   of  fine    pale 
nerve   fibres    (322,    2). 
These  cells  are  said  to  be 
u  ui pola r,  a po lar,  and  bipch  i 
lar :    multipolar  do   not 
appear  to  exist  here. 

Ijitemally,  this  gang- 
lion plexus  gives  off  twigs  ' 
to  the  muscular  coat  of 
the  alimentary  canal. 
Here,  between  the  circular  and  longitudinal  layers  of  the  latter,  a  second 
nervous  apparatus,  no  less  remarkable,  is  to  be  found — namelj,  the  so- 
called  plexus  m^jetüericm  (fig,  323),  for  the  discovery  of  which  wa  &ts 
Indebted  to  Auerbachs 

Reaching  from  the  pylorus  to  the  rectum,  it  is  seen  as  a  regular  and 


/ 


Fljf.  *W- — 1.  A  lar^fl  gvnKllon  troin  the  unaJJ;  Jfii#«tlnft  of  h 
iUCkliufT  ten  (lay*  oM.  a,  K^iffflk»!)  wliK  it*  erll»;  ft,  t,  efferent 
ner>Qu»  trmiU  wirh  pale  nurli^^Ptt^l  thr^^  In  ü  frt^h  itftr*?.  2, 
ScntUJ  fidrvauA  tirlg  of  ihe  tame  natur«  frt>iTi  %  bo/flT«  year»  nf 
■<«.  •Jmirlnj  ibn*  primlttTo  ft&rc«.    AfJer  trralmtat  m\\h 
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delicate  interlAcament  of  uerves,  woveH|  aa  it  were,  round  tbe  iniestmal 
tube  («)i  and  having  polyhedral  meshes. 

At  each  nodal  point  in  these  there  is  always  situated  an  aggregation  of 
ganglion  cells  (6),  öometimea  large»  sometimes  flniail,  biU  usually  cauaiog 
hut  a  mod  erat©  thickening  of  the  cord.  Two  adjacpnt  ganglia,  also,  may 
be  connected  by  moans  ol^  a  band  formed  of  cells,  beside  which  form  the 
most  charactemtic  examples  of  annular  ganglia  and  commissures  are  also 
to  be  met  with.  Though  liable  to  variation  to  a  certain  extent,  accord bjg  to 
tb©  different  species  of  animals,  the  whole  formation  is  usually  very  much 
flattened  everywhere.  Hero  again  wo  also  meet  with  smaller  ganglionic 
bodies,  palo  and  very  fine  nerve  fibres,  and  a  nucleated  perineurium, 
beside  which  apolar  cells  are  to  bo  observed,  with  others  giving  off  two  or 
three  processes. 

From  this  plexus  in  question  innumeiable  delicate  nervont  twigs  are 
aeat  off  to  the  circular  and  longitudinal  muscular  fibres  of  the  alimentary 
eanal,  presiding  over  the  periÄtaltic  action  of  the  latter. 

The  geni to  urinary  appsratus,  also,  is  no  exception  in  the  occurrence  of 
such  small  nervous  knot*«.     Thus  they  have  been  seen  by  litmak  m  the 


Oi 


1 
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f\%.  3^3— tVom  the  imil!  IntMilne  of  rhp  OntnM  jitir  fAftpr  Awr^tKi. 


fff  n^rroBi  Inld* 


bladder  of  the  pijr,  and  in  other  mommals  by  3I^i^mer,  In  the  same 
ai^n  of  the  frog  they  mny  be  recognisefl  with  great  ease  ako  (Monz,  Kkbe. ) 

In  the  corpora  cavernosa  of  the  male  organ  of  generation  these  knots 
were  found  between  the  years  1830  and  1840  by  X  Miilhn  They  are 
ftliO  present  in  the  nerves  of  the  hunmn  and  mammalian  uterus,  and  in 
the  eon nective- tissue  aroiiud  tlie  vagina,  as  woll  as  in  the  submucosa  of 
the  latter. 

Rfmak  and  Manz  mention  gangllonjc  plexuses  around  the  muscular 
gland^iucts  of  birds  also. 

In  the  lachrymal  and  salivary  glands  of  mamraals,  finally, ^therefore^ 
in  orjjana  which  elaborate  larpe  quantities  of  secretion  under  nervous 
stimulus,  very  complicated  nervous  networks  of  dark-cdgetl  fibres,  richly 
studdetl  with  ganglia,  have  been  met  with  by  Krause, 
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§  190. 

Of  the  ckemUir}/  of  nervous  tisane,  but  little  is  known  on  account  of  its 
anatomical  peculiarities;  for,  in  the  first  place,  the  most  massive  nervous? 
apparatus,  namely,  the  cerebro-spinal,  which  is  on  account  of  its  hulk 
most  frequently  the  object  of  chemical  research,  has  a  very  complex  struc- 
ture, and  in  it  together  with  a  ground-work  of  connective-tissue,  we  have 
to  deal  with  nerve  tubes  and  gaiiglion  cells  which  cannot  he  separated. 
On  the  other  hand,  but  little  baa  been  done  to  elucidate  the  nature  of  th« 
ulbuminoue  mMaiicm  of  the  neural  apparattii,  ahd  much  obscurity  stiU 
hangs  over  the  so-ealled  cerebral  matte m  (§  20). 

The  living  nerve  displays,  while  at  rest,  a  neutral  r^ai^tion  which  be^ 
comes  acid  at  death.  The  same  cltange  is  produced^  also^  according  to 
Ftrnkaf  by  over  excitement  of  the  fibre.  This  ta  hut  a  repetition  of  what 
takes  plaee  in  muscle  under  similar  circtimstances  (§  170)* 

From  the  anatomical  study  of  the  variouB  parte  uf  ganglion  cells,  we 
know  thai  the  latter  are  made  up  of  albuminouji  compounds,  in  whidi 
fatty  molecules  and  gnuiLules  of  pigment  may  he  present  (§  ITS). 

We  have  seen  likewise  (p,  307)  that  the  sheaths  of  nerve  fibres  consifll 
of  a  substance  reaemhling  elastin,  but  more  soluble  than  the  latter  in 
alkalies,  whilst  the  axis  cylinder  is  composed  essentially  of  several  maiterB 
belonging  to  the  protein  group,  and  the  medullary  sheath  principally  of 
cerebri  n. 

All  that  is  known  of  the  chemical  composition  of  nervous  tissue  has 
been  learnt  almost  exclusively  tiom  examination  of  the  substance  of  the 
brain. 

The  specific  gravity  of  nervous  tmnks  is  1031,  according  to  the  ohser* 
vat  ions  of  Krause  and  Fischer  ;  that  of  the  white  matter  of  the  core  bei* 
lum  1  032,  of  the  cerebrum  1  036,  and  of  the  spinal  cord  r023»  whilst 
for  the  grey  substance  f if  l>oth  cerebrum  and  cerebellum  we  und  1'031# 
and  for  that  of  the  cord  1  038,  From  several  experiments  which  have 
been  made,  it  would  api>enr  that  cerebral  substance  possesses  in  a  high 
degi^ee  the  power  of  absorbing  water. 

The  amount  of  the  latter  in  nervous  tissue  is  subject  to  much  variation. 
In  some  cases  it  is  but  moderate,  and  in  others  it  may  become  very  con* 
siderahle.  The  proportion  of  water,  for  instance,  in  the  periphpral  nerve« 
is  estimated  by  Schktmberger  at  70-78,  or  even  80  per  cent^^  t'^^l  ^^  the 
white  substance  of  the  brain  at  lietween  09^64-70*08,  aod  in  the  grey 
matter  84-84--86-64,  showing  tliat  the  latter  is  richer  in  aqueotis  consti* 
tuent^H  In  the  infant  the  bmin  is  still  poorer  in  solids.  In  the  spinal 
cortl  the  percentage  of  water  is  lower,  l^eing,  according  to  Bibra^  60  per 
cent  Of  course  this  water  is  distributed  over  both  the  tiBstie  and  the 
nutritive  fluids  saturating  the  latter. 

Ah  already  mentioned,  nervous  matter  consistA  of  several  alhuminous 
bodies  of  cerebral  substances  (lecithin  and  cerebrin),  together  with  minerai 
constUttents,     Finally,  it  contains  certain  decomposition  products, 

Toucliing  the  aUmmhwws  maUer^^  we  are  here  more  than  elsewhere  in 
the  dark  as  regards  their  natura  Our  slight  un acquaintance  with  the 
chemical  constitution  of  nerve  cells  only  permits  of  our  accepting  the 
presence  of  one  or  more  members  of  the  group  in  general,  but  givet  no 
indication  as  to  what  substance  or  substances  occur  specially. 

The  reaction»  of  the  axis  cj linder  are  those  of  an  albuminoid  subst&noe 
in  a  coagulated  condition.     But  how  far  other  albuminous  matters  may 
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occur  In  nervous  tissue,  apart  from  a  small  amount  of  it  in  a  soluble  fonr., 
b  still  uncertain.  Qtiantitively  it  is  impossible  ta  aualjea  them  ou 
account  of  being  obliged  to  include  the  primitive  sheath,  axid  other  tissue 
«1  email t&  The  amount^  bäsides,  of  residue  insoluble  in  ether  varies 
couaiderably,  from  9  to  14  per  cent 

As  soluble  in  ether,  w©  obtain  further  the  so-called  cerehrtil  substances 
lecithin  and  cerebrin  (§  20}^  and  likewise  eholesteann  in  considerablo 
quantity  (§  21).  The  amount  of  thefe^e  matters,  further^  has  been  Ibimil 
to  be  far  greater  in  the  \Thite  substance  of  the  brain  tiiun  in  the  grey, 
aud  thüy  may^  therefore,  be  n*garded  as  essentiaUy  ctjnstituenta  of  the 
nervous  medulla»  although  we  do  not  possess  any  satisfactory  explana- 
tion of  tbö  manner  in  which  tbey  occur  here  being  insoluble  in  water. 

From  the  fact  that  lecithin  (wbich  exists  in  great  quantity  in  tbe  brain), 
yields,  besides  neurin  {|  33),  and  gljcerophosphoric  acid  (§  16),  palmi- 
tinic  and  oleic  acid  also,  we  may  infer  that  the  fatty  acids  and  fats,  upon 
which  auch  stres.^  used  formerly  to  be  laid,  wore  possibly  only  productö 
of  tbe  deconi  position  of  tbe  former* 

Oifili^imrin^  which  occurs  in  cerebral  tissue  in  large  quantities  {amount- 
ing,  according  to  Yon  Bihra,  to  a  third  of  the  matters  soluble  in  ether}^  has 
the  nature  likewise  of  a  decopiposition  product 

Turning  now  to  the  quantity  of  these  matters  soluble  in  ether,  we  find 
their  ]>roportioii  hi  the  grey  substance,  in  which  much  wat^r  is  s^ontained, 
to  be  5-7  per  cent ;  in  the  white  tissue,  which  is  poorer  in  the  latter,  on 
tlis  other  hand«  it  is  15-17  per  cent,  and  rises  still  higher  in  the  spinal 
cohL  Considemble  difierence  may  be  observed,  also,  between  the  various 
parts  of  the  sunm  bmiu.  In  the  infant  tlie  amount  of  tliese  matters  is 
very  small,  there  being,  besides,  no  di^'erence  in  this  respect  between  the 
white  and  grey  tissue.  In  the  foetus  they  are  present  in  still  smaUer 
quantity. 

Among  the  products  of  transformative  processes  going  on  in  nervous 
tissue,  may  be  reckoned  formic  and  locfic  acid  (found  in  the  brain),  and 
pofssibly  also  acetic  ctcid^  also  hwsit^  kreidln^  Jeuöin  (m  the  ox),  xmithht 
and  h}jpoxmithin  (Sc/ierer),  urm  (in  the  dog),  and  uric  acid. 

The  ash  of  cerebral  Bubatance  amounts,  accoinling  to  Btfied^  to  0  027 
per  cent<  of  the  fresh  timne,    In  a  hundred  parts  of  the  former  he  found  :— 

9i5 


Free  phosphoric  acid. 
Phosphate  of  potassium,  . 
„         of  sodium, 
„         of  iron,   , 
„         of  calcium, 
„         of  magnesium. 
Chloride  of  sodium, 
Sulphate  of  potassium^ 
Silica^     .         .         .         < 


55*24 

1*23 
1*62 
3-40 
4-T4 
1*64 
0*42 


The  preponderance  of  potash  and  magnesia  ovor  soda  and  Urne  recalls 
to  mind  the  state  of  things  in  muscle, 

}  1S>L 

Turning  now  to  the  application  to  neural  physiology  of  the  points 
regarding  the  a  true  tu  re  of  the  nervoua  apparatus,  which  have  just  been 
described,  we  see  in  the  first  place,  in  the  two  kinds  of  structural  elements, 
B  oontraat  between  merely  conducting  übrea  and  cells  which  are  endowed 
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with  biglier  functions,  with  tHoöe  of  peirepttOTi,  and  of  directing  volimtftiy 
and  reflected  moticm.  Thus  we  find  the  latter  ßtructnrea  in  the  grej 
matter  of  the  brain,  epinal  cord^  and  ganglia,  to  which  we  have  long  been 
compelled  by  experience  to  ascribe  reflex  functions.  They  are  met  with, 
also>  at  eome  other  points  where  their  significance  13  not  yet  quite  appa- 
rent, as,  for  instance,  among  the  terminal  ramifications  of  eome  of  the 
liij^her  nerve ä  of  sense, 

Wiih  regard  to  the  nerve  tuhee,  we  have  learned  from  the  last  section 
that  their  varieties  of  form  and  thickness  do  not  go  hand  and  hand  with 
functional  diffetence^.  llius  the  sensitive  roots  of  the  spinal  nerve«  con- 
tain fibres  which  differ  in  no  respect  from  those  of  the  motor  roots.  In 
the  sympathetic  system  wc  meet  with  Memak's  fibres,  whose  nervous 
nature  would  seem  to  be  almost  beyond  doubt»  and  to  these  the  most 
analogous  formations  are  the  nerve  tnb^  of  the  olfactory  nerve.  The 
fine  meddlated  nenous  fibres  can  with  as  little  right  be  looked  upon  as 
a  special  sympathetic  form,  presiding  over  peculiar  functions,  as  was 
formerly  maintained  by  Volhnann  and  Bidder;  for  numbers  of  inter- 
mediate gTiides  between  coarse  and  fine  tubes  are  mwt  with  at  points 
where  there  can  he  no  suspicion  of  sympathetic  infiuence.  In  this 
respect  the  accurate  microscopical  analyses  of  recent  times  hat  greatly 
modified  the  sanguine  expectations  of  an  earlier  epocL 

On  the  other  hand,  some  important  aids  to  physiology  have  been 
acquired  through  the  knowledge  of  the  finer  anatomy  of  the  nerve  fibre* 
All  observers  concur  in  regarding  the  continuity  of  the  ner\'e  tube  as 
certain, — a  point  necessarily  accepted  as  indispensable  by  the  pbysiolo* 
gistj  likewise  in  respect  to  the  isolated  course  of  the  latter.  Thus  we  see 
everywhere  the  same  state  of  things ;  the  nerve  fibre  taking  an  nnln- 
terrupted  course  through  the  long  interval  between  the  nervous  centre 
and  the  place  of  its  final  termination,  although  this  course  may  he  modified 
somewhat  by  the  insertion  of  a  ganglion  cell.  The  question  as  to  w*hat 
part  of  the  nerve  tube  is  to  be  looked  upon  as  the  really  active,  iVe,, 
conducting  medium,  may  perhaps  be  answei^ed  in  favour  of  the  axis 
Odinder,  in  that  it  is  frequently  the  only  portion  present  at  the  origin  of 
the  nerve  hbre,  and  probably  always  at  its  ultimate  termination,  whilst 
the  medullary  and  primitive  sheath  enclosing  it  are  here  absent  At 
those  contracted  portions  of  the  fibre,  also,  which  are  seen  at  points 
where  bmnches  are  given  off,  the  aaris  cylinder  may  present  itself  for  a 
short  distance  divested  of  its  usual  medullary  envelope.  The  theory  of 
the  termination  of  the  nerves  in  loops  having  been  shown  to  l>e  incorrect^ 
has  given  further  support  anatomically  to  the  theory  of  isolated  conduc- 
tion* The  separate  termination  of  the  nerve  fibrep  whether  single  or  with 
many  ramifications,  is  also  consistent  M'lth  the  views  of  the  physiologistB 
of  the  present  day.  The  splitting  up  by  which,  as  we  have  seen  in  the 
nerves  supplying  muscle,  a  primitive  fibre  may  become  resolved  into  a 
multitude  of  branches,  must  be  looked  upon  as  an  iugeJiious  provision  of 
nature  for  obtaining  as  highly  nervous  a  periphery  as  possible,  both  sensi- 
tive and  motor,  with  comparatively  thin  nervous  trunks.  This  arrange- 
ment seems  certainly  to  have  the  character  of  something  belonging  to  a 
lower  order  of  creation ^  for  the  higher  we  ascend  in  the  animal  kin^omp 
the  more  do  the  n umbel's  of  tubes  and  muscle  fibres  become  alike^  as  we 
have  already  remarked  above.  An  acquaintance  with  the  terminal  nppa* 
ratus  of  motor  nerves  is,  also,  another  important  advance  recently  made. 
Regarded  from  a  physiological  a^spect,  Kratisf^s  ami  Kuhnta  discovery  of 
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muscular  srubetance,  excitable  tboitgb  free  of  nerves,  has  done  mueb  towardi 
the  adjustment  of  that  very  old  controversy  in  regard  to  whether  there 
be  such  a  thing  as  muscular  irritability.  The  termination  of  sensory 
nerves  in  special  anatomtcal  structures,  such  as  the  Pacinian  hodimf  or 
Krattse's  tactile  corpuscles,  is  also  of  great  int^frest, 

To  return  to  the  gaugUon  cells  :  there  seems  to  be  among  them  just  as 
little  coiucidence  between  tbeir  auatomical  variety  and  physiologieal 
difference  as  amoug  the  nerve  tubes.  The  physiological  eigniiicanee^ 
further^  of  the  apohtr  nervous  celli,  is  still  unknown  to  us ;  even  the  fact 
of  their  existence  has  in  it  somethinff  strange  to  the  physifelngist  The 
nnipokr  cell,  al^o,  which  is  looked  upon  as  the  starting- point  of  the  fibre 
proceefling  from  it,  should  be  connected  with  the  cells  adjacent  to  it  by 
commissures.  The  physiological  purpose  for  which  bipolar  cells  exist  is 
likewise  veiled  in  obscurity*  The  most  comprehensible  are  the  multi- 
polar elements  with  their  eÖerent  nervous  fibres. 

But,  although  we  are  at  present  unable  to  umlerstand  many  things  in 
tlie  texture  of  the  ganglion,  nevertheless,  important  points  in  relation  to 
the  motions  of  organs  have  been  gained  by  an  acquaintance  with  the 
smaller  ganglionic  plexuses  discoveretl  in  such  surprising  numbers.  We 
refer  to  the  submucous  ganglionic  networks,  and  plti;tuis  myenierims  of 
the  digestive  apparatus. 

Living  nervous  substance,  further,  has,  like  muscle,  electromotor  pro- 
perties. 

As  to  the  amount  of  interchange  of  matter  which  goes  on  in  the 
nervous  elements,  we  are  still  in  the  dark.  That  it  is  probably  consider- 
able, is  indicated  by  the  fact  that  a  fatigued  nerve  regains,  after  a  certain 
period  of  rest,  its  original  power  of  functionating,  and  al*a  that  ligature 
of  the  arteries  of  a  part  bringe  about  a  mpid  paralysis  of  the  motor  and 
sensible  nerves  supplying  the  same.  The  scanty  notes  of  the  preceding 
^  section  likewise  contain  all  that  is  at  present  known  of  the  nature  of  this 
intefch&nge  of  matter. 

As  to  the  question,  further»  how  far  an  anatomical  change  goes  hand  in 

hand  with  the  chemical,  or,  in  other  words,  bow  far  the  jierv'e  tubes  and 

I  ceils  may  be  regarded  a^  persistent  structures,  or,  on  the  other  hand,  only 

*  destined  for  a  short  existence  \\a  transitory  formations,  we  are  unable  to 

b  give  any  answer     The  corpuscles  and  iibiea  present  themselves  in  far  too 

great  variety  of  form  in  the  adult  body  for  us  to  be  able  to  separate 

young,  mature,  and  older  elements  from  one  another. 

f  192. 

The  mode  of  den^^opinent  of  nervous  tissue  in  the  embryo  is  one  of 
the  most  obscure  chapters  of  mo<lern  histology, 

Tfiat  the  brain  and  spinal  cord,  together  with  tlie  internal  portions  of 

I'tih«  higher  organs  of  nens/^,  formed  from  the  first  of  these,  are  productions 

of  the  so-called  corneous  layer  of  Remake  is  an  ascertained  fact.     They 

take  their  rise,  in  other  words,  from  tlie  cells  of  the  upper  cellular  layer 

L nearest  the  embryonic  axis. 

On  the  other  hand,  the  point  of  origin  of  the  ganglia  and  peripheral 

itveA  is  stiQ  unknown  to  us.     We  are  »till  unable  to  determine  whether, 

a4  18  Tery  probable,  these  parts  are  productions  of  the  corneous  embryonic 

leaf,   or  whether,  according  to  one  view  which  is  held,  they  have  not 

originated  independently  in  the  middle  germinal  plate,  and  only  become 

Itubtequently  connected  with  the  nervous  centres,      I'he  connection  of 
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ih€  ends  of  nerves  with  iisauea  at  the  periphery,  euch  as  the  musd«? 
fihtG»  which)  m  far  as  we  know  at  present,  have  hud  their  origia  from  the 
middle  germinal  plate,  is  a  great  theoretical  difficulty. 

The  uaual  but  tmsaliäfactory  view  which  is  hehl  regarding  ganglimt 
cQfpmdm  is  that  tbey  are  nn?i4imori>hoaod  formative  cells. 

By  tlie  eti]ar^emciit  of  tliese^  and  their  subaequcnt  acquisition  of  a 
characteristic  finely  granular  contents,  the  ganglion  cell  is  arrived  at 
When  their  i'lifther  growth  takes  place  regularly  we  have  the  apolar 
elementj  and  the  structure  with  processes  when  the  former  is  unequal. 
Through  these  latter  adjacent  cells  may  be  connected,  and  from  them 
nerve  tibres  are  given  oE  It  is  possible  that  multiplication  by  eegmen- 
tatioii  may  lake  place  in  already  formed  nerve  cells  in  the  festal  body, 
hut  the  subject  requires  closer  investigation. 

The  formation  of  nvrm  ßhre^j  which  hus  been  already  touched  on  m 
the  general  part  of  our  work  (p*  100),  was  formerly  supposed  generally  to 
he  brought  about  by  tlio  fusiun  of  celiä  in  each  a  way  that  {in  the  case  uf 
the  non-ramifying  nerve  tuho)  connection  took  place  he t ween  the  indivi- 
duals of  a  series  of  fusiform  or  cylindrical  elements. 

The  nervous  trunks  of  man  and  the  mammalia  have  not  that  while 
appearance  in  early  fictol  life  which  characterises  them  at  a  later  dat&; 

they  are  on  the  conuury  grey 
and  translucent,  tbe  more  so  the 
younger  the  embryo*  At  hrst 
we  only  romaik  on  teazingthem 
out  the  individual  formative 
cells  of  fusiform,  or  simply  elon- 
gated hguro,  and  with  vesicular 
nuclei.  t,ater  on  we  may  suc- 
ceed in  splitting  oil' rows  of  these 
from  the  main  structure  in  the 
form  of  pale  iine  nucleated 
bands,  lljese  are  the  fij^t  ner^'e 
fibres  whoso  pale  noivmedul- 
lated  appearance  reminds  ua  of 
Hemak's  elements ;  their  me- 
dium breadth  ia  0  002^-0-0056 
mm* 

In  the  older  nerves  we  may 
perceive  the  specific  contents  of 
the  primitive  tubes,  advancing 
gradually  from  the  central  to- 
wn i^^ls  tbe  peripheral  portion«, 
the  axis  cylinder  arising  in  all 
prohiihihty  fingt,  and  the  fatty 
medullary  mass  being  deposited 
subsequently  between  it,  and 
the  primitive  sheath  formed  of 
the  membranes  of  the  cella, 

Tbe^e,    tben,   are   the   usual 
views  on  the  subject  based  upon 
Schwann*^  outlines,  which  h&vo 
been  received  into  histology. 
The  formation  of  hranehes  on  nerve  fibre»  was  supposed  to  take  phee 


Fiff.  324.— DeTcIoftment  of  nerri  JJlire»;  fmm  the  ftU 
of  a  tAdpoJi:',  1,  A  pule  utiU  Don-metfullatcd  Abie 
wtrli  two  nuclei.  3.  Mora  »d¥iii«d  tube«  pÄitly 
Okkd  with  rtmdulUry  matter,  u,  a  flbrt!,  witli  wlUeh 
*  virllJiti^  fonrkAUv«  c^fll  {«i)  I«  emartcctcil  it  lit  »Idei, 
whiJe  lower  cl own.  where  thf  futty  ci:.iireiifa  m-AdaHllf 
Iflv«  way  to  A  j»*ler  fo»),  lr«  tiU\t\m\  liitn  two  brunch« 
(«3  ttxid  {!*) ;  ft,  a  fibre  whieh  U  niiUt*!  i&  two  ptt^Ute 
«lU  (&*  anü  &'>.  ih  A  n*rvo  tube  »rHI  tti«re  4eT«]4tpo(L 
»I  a,  the  «tem  at  k  and  ^,  the  bmnchvL 
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bj  the  fusion  of  stellate  formative  Gelk   (provided  ustwlly  with  three 

WOcesses),  with  the  terminating  porticin  of  the  ulreaüy  forii»e*l  fibres,  tlie 

itt«r  gro\nug  by  tlie  addition  at  their  periphery  of  uew  eella.     The  tail 

of  the  ta<lpole  and  electric  organ  of  the  torpüdo  wer^  put  forward  as 

suitable  objects  for  the  recognition  of  these  points.     And,  indeed,  here  wo 

Jiave  the  be#t  opportunity  at  this  great  distance  from  the  t^entral  organs 

j  of  coming  upon  younger  and  younger  apeciraens  of  nervous  branches. 

In  the  tail  tif  the  tadpole  (lig,  324)  we  encounter  isolated  nerve  tubes, 
which  bear  all  the  charaeters  of  liemak's  fibres,  showing  nuclei  situated 
one  behind  the  other  (1).  Others  (2  Z*)  without  any  thickened  envelope 
appear  dark  and  niedullated  in  the  upper  part,  wbile  below  they  become 
finer,  and  are  continuous  with  the  peripheral  formative  cells  (6*  h'^)^ 
^which  radiate  with  their  pointed  processes  in  the  surrounding  tissues, 
ain  wo  may  meet,  and  by  no  means  ünfrequently»  with  nerve  libres 
semmg  thickened  envelopes  (2  a)  and  dark  medulla,  which  is  con- 
Qued  below  into  a  pregresaively  paling  hbre  (2  «■'  and  a*)  resembling  «n 
Eis  cylinder. 

Now,  although  w©  do  not  yet  poeseas  a  satisfjictory  knowledge  on  these 
[points,  nevertheless  we  have  acquired  enough  material  to  demonstrate  the 
Pun  tenable  aess  of  these  earlier  views. 

Bidder  and  Kupffer^  in  their  inquiries  into  the  origin  of  the  spinal 
cordj  found  that  the  formation  of  nerve  tubes  from  one  row  of  eelln  occurs 
neither  in  the  white  substance  of  the  organ,  nor  in  the  roots  of  the  spinal 
nerrea  In  place  of  these  fibrillsB  only  are  observed,  without  nuclei  and 
lis.  These,  the  axis  cylinders  of  the  future,  according  to  the  authors  in 
^question,  grow  simply  outwards  towards  the  periphery.  The  envelopes 
appear  to  be  formed  for  themselves  suhsequentlyj  from  new  tissue  elements 
appearing  between  these  fibriUee. 

The  lata  excellent  observer  Hemak  also  maintained,  many  years  ago, 
quite  a  diiferent  mode  of  origin  for  the  ramiü cations  of  nerves  in  the  tail 
of  the  tadpole  from  that  described  in  the  text  According  to  him,  the 
branching  rudiments  of  the  cutaneous  nerves  appear  everywhere  to  be 
prolongations  from  the  spinal  ganglion. 

According  to  Mensen^  aho,  the  nervous  ramifications  in  this  well- 
Itrodden  locality  are  present  from  the  commencement  all  the  way  down  to 
|£he  periphery»  in  the  form  of  fine,  lustrous  forked  fibres  {axis  cylinders)  with- 
t^t  a  sign  of  nuclei  It  is  only  subsequently  that  the  mode  in  which  they 
ome  sheathed  in  thin,  pale,  and  extremely  elongated  cells,  can  bo  reeog- 
Tnised,  until  eventually  the  axis  cylinder  lies  in  the  interior  of  a  nucleated 
envelope,  the  stellate  cells  spoken  of  taking  no  part  in  the  process. 

Besides  a  great  instability  in  their  content«,  owing  to  which  the  latter 
may  nastime  the  appearance  of  a  chain  of  separate  drops,  the  newly-formed 
oerv0  tubes  are  remarkable  for  their  great  fineness  as  coutn^ted  with 
coneeponding  elements  in  the  mature  bcKly.  The  increase  in  thickness  of 
r|h«  whole  nervous  trunk  is  sufficiently  explained  by  the  augmentation  in 
ribd  diameter  of  the  individual  primitive  fibres*  According  to  Harting^ 
their  thickness  in  the  median  nerve  of  ä  f^ietus  at  four  months  is  only 
OOO'i'i  mm.,  wbiie  in  the  infant  and  adult  they  measure  respectively,  on 
an  average^  0"0103  and  0  0164  mm.  The  number  of  primitive  tuljes,  at 
these  three  periods,  were  estimated  by  him  at  21  "432;  ^20  006,  22"560» 

It  is  a  well' known  fact  that  ner^'ea^  on  being  severed,  cease  to  fulfd 
their  function  a,  but  after  a  certain  time  has  elapsed  regain  their  powei^. 
Tht  aepfttated  endi^  namely,  heal  rapidly  ;  yes,  and  even  after  a  tolerabt/ 


UMMÜäL  Of  unocooT. 
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hrmml  hf  cilli«n,  ibftt  f^^rt  of  this  tutre  «taaleil  al  ilie  dii^  »do  of  t&« 

«iitiii6/|ii4ifii  nWjffrtiori,  tintil  tirtntiuMj  the  necmktaiaA  doiie  tQaimt]i% 
If )iu  L  .,(-/.  '"'^fp^Äin  eomplHi^lj  ftflnr  a  eertain  time,  aco0Edtiig  to  Äe 
mt"  f.     From  thU  w«3  infttr  tbut  a  new  foftimüon  of  oerrous 

^\u'K  iriN  3  tuKK  jjIaco  ia  Offl*^?  to  (ilFiwrt  connection  with  the  ccntml  por- 
il^iti,  'i  }iii  liM  Vit'W  i«  oppiJH^d  hy  I^M^  who  usaert«  that  &  new  äUing-in 
df  rn^InllArj  uuiXi^i  iuU*  thr^  priintttTc  e heath  superrenea  npon  the  union 
of  i\u\  two  nut  iTinl^i.  Ar/iordtng  to  IIJcH^  finally  the  severed  nerve  ibree 
mAy  *j4i|(»<»ni rut-*!  in  |iaft  mmjihsti^Iy,  btring  repkced  by  neoplasia,  whilst 
nUi'iT  (iriiniljvo  tiU^f«  nrn  Cfipahl«  nf  ft  regeneration  subsequent  to  their 
rmjntnn,  /^«^,  «igiiin,  b(i«  ohHfjrvfKi  a  very  interesting  multiplimtion  of 
tiunlfii  111  tb(f  |iniiiitivit  Hlirukth.  Hut  tUo  whole  question ^  as  regards  the 
f*riKiii  ul"  tim  lutwly-ffjnnt^d  inttjr|KWid  tiasue,  is  worthy  of  being  made  the 
iHl»|wil  fd'  rt*iHiwi^«l  rftHnar^^h  in  iho  prüsi^nt  state  of  histology- 

Wlu^hnr  roniiii**rnti'in  of  giinglion  onlls  takes  place  is  still  uncertain. 
I*ni  lit>lo^i('iil  m^w  fiimmtiitn  of  norvnus  d omenta  in  othei-  neoplasms  is  of 
mrM  tiiinurrt^iit^rt,  ui»  aat  alMo  nf^rvoiJu  tumours  OT  neuromas.  The  latter  may 
HiUHiMt  (d'  iubiitt  or  f^ri^y  mftitur 

U\  iitn^duitil  norvo«  i  do^roano  in  th«  thicknesa  of  the  primitive  tubes 
ti  niriniri^nt,  aihli  liiiUtid  of  &  oonlinuous  medulla,  a  number  of  fat  globules 
Aud  gmtiuUi  am  prttentAd  to  u«. 

16,  01ftiidüUr-Tisiue. 

§195. 

Tilt  d«ftliilioil  cif  what  w^  undtittind  by  a  gland  was,  nntii  < 
llvvty  twAtiÜy«  A  iimttor  of  ooilildti«b]e  difHcnltyf  so  that  a  takoilBd 
aiiakviuttt«  mt^nk  Ihaa  IhiKy  ye«n  ago,  was  fully  jusUfied  in  expraasKBg 
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In  the  earlier  days  of  Anatomical  study  a  round  form,  »oft  cons|j*tPJflce, 
find  great  vascularity,  sufficed  to  gain  for  an  organ  the  name  of  **  gland*" 
Ijiter  QJi^  however,  the  physiological  requisites  for  the  propter  couüeptiyii 
of  a  gliind  Tjecame  more  promiuent  And  tirst  of  all^  thut  tlie  latti^r 
ubstnict  from  the  blood  matk^rs  which  are  not  to  bo  made  use  of  for  iu 
own  nutrition,  but  which  tend  to  bentstit  the  whole  system,  either  by 
hmig  omt  out  of  tlie  body  as  decomposed  material  to  be  gotten  rid  of,  or 
tanned  to  account  in  the  economy  m  specially  prepared  by  the  gland. 
TbuÄ,  the  latter  came  to  be  looked  upon  as  a  secreting  organ»  great  stress 
being  laid,  consequently,  on  its  efferent  duct  Finally,  it  was  rücognised 
tJmt  til  ere  are  many  completely  closed  organs  from  which  no  secrotiou  is 
ever  given  off,  auil  to  which,  nevertheless,  we  cannot  deny  the  right  to  be 
called  glandular  structures.  This  was  subsequent  to  comparative  anatomy 
having  shov%'n  the  comparatively  small 
wtnght  to  be  given  to  the  duct  as  the 
di^tiiignishing  mark  of  glands. 

Receut  microscc»picAl  analysis  has 
Btipplied  us  with  characteristic  signs  by 
which,  in  general,  a  gland  may  be  diag- 
nosed^ although  there  remain  certain 
points  relating  to  structure  about  which 
doubt  stiii  e^iats. 

The  histoEy  of  development  like- 
wisa  has  also  aflforded  most  InipoFtant 
infornmtiou  here.  From  it  we  learn 
Ihat  the  physiologically  important  parts 
üf  true  glands»  namely,  their  secret iug 
eella,  aU  take  origin  either  from  the 
eomeous  or  intestino-glamlular  em- 
bryoKic  leaves.  No  truly  glandular  organs  spring  from  the  middle 
genninal  plate. 

Finally,  owing  to  our  extended  knowledge  of  the  nature  of  the  lym- 
phatic appnratus,  we  are  now 
cimbkd  to  cla»»  with  the  latter 
nA  lymphQid  organs  a  series 
of  \^t\M  springing  from  the 
midille  embryonic  leaf,  which 
usi^d  formerly  to  be  reck  one«! 
among  tlie  glands. 

Lia  \\B  now  return  to  the 
histc»gicttl  characters  of  gland  a 
Tli«se  organs  consist  f»f  two 
kinds  of  structural  elementa 
(fig«.  32Ö  and  320)  (I)  «if  a  fine 
structureless  fnttwparf^nt  mpvi- 
/jrani;,  known  as  tiio  rttetnhrana 
propria,  which  determines  the 
fonn  of  tl»e  organ  as  well  a>^ 
that  of  its  sub-divisionF,  and 
(2)  of  the  contents  of  l\w  fsi  s3i.-Lebijiefi*iTithoiirw<iftiwrteii3reM*<iMi 
latter,  the  sri-ctiUed  {jfand  cdlß 

(rigs-  325,  327,  and  328)»     As  a  thlrti  indispensaMe  factor,  we  find  on 
the  «jxtemal  surface  of  the  homogeneous  memlirane  a  vomit ar  nehwyrk  (fig. 


Fljr-  3^7.— On^trlf  aUnÜtt  tmm  Uie  A&fi,  1111*4 
vll  h  cuUi  Ulli  totcrloeed  bf  a  t JUCuUf  ne^ 
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327),  from  tho  contents  of  which  the  materials  of  the  aecretioii  of  our 
orgaa  are  abstracted. 

Of  the  three  requiäites  of  a  gland  the  blood-resselB  and  cells  are  norer 
alDseat,  and  the  homogen eous  membrane  only  rarely  so. 

Besides  these,  "we  have  to  take  into  account  the  nerves  Jtstnliuted  to 
the  organ,  the  lymphatics,  connective-tissue,  and  at  tinies  also  muscular 
envelopes  ;  and,  finaUj,  aa  a  frequent  occurrence,  a  special  and  often  toler- 
ably complicated  excreiort/ dmt 

§  194. 

The  menibrana  prapriat  when  euch  a  etruetur©  exiBts,  presents  iUclf  in 
the  form  of  a  homogeneous  envelope,  at  one  time  immeasurably  thin,  at 
another  thickened  frequently  up  to  01)011,  or  more  rarely  0-0023  mm* 
It  is  often  mixed  with  or  enveloped  in  an  extra  layer  of  connective-tissu«! 
imtil  a  tunic  of  00045-0^0090  mm.  results.     Aa  ami 
exception,  wy  may  perceive  between  these  two  stmtel 
a  layer  of  nnstriped  muadle,  aa  in  the  large  sweai^ 
glands  of  the  axilla.     At  timeSi  also,  aa^  for  instance, 
in  the  fiebaceous  glands,  wo  fiud  the  memhrana  pro-  ^ 
pria  replaced  by  an  undeveloped  cnnnective-tissuft  ] 
In  other  ca^ea  there  appears  (%,  329)  imbedded  ia * 
it  a  weh  of  flattened  ci^imective-tiaaiie  cells  contain- 
ing  nuclei   (parotid,   ßuhmaxülaiy,   and    laclirymal 
gland)» 

The  structureless  membrana  propria  manifests 
further  a  considerable  amount  of  distensibility  and 
strength,  and  likewise  of  power  of  reaiatance  to  the 
action  of  weak  alkaline  eolutions  and  acids,  so  that 
these  may  he  made  use  of  with  good  effect  for  iti 
deomnstration.  At  present  we  are  not  acquainted^ 
with  its  chemical  constitution ;  it  is  probably  formed 
in  many  cases  of  some  substance  closely  allied  to 
etas  tin. 

From  an  anatomical  point  of  view,  this  covering  may  be  legarded  aa 
determining  the  form  of  the  organ  aa  already  mentioned,  phyaiologieally 
it  serves  for  the  filtration  and  transudation  of  the  plasma.  In  respect  to 
the  histology  of  the  structure,  it  hm  been  supposed  to  be  a  substratum 
aecreted  by  the  first  aggregations  of  rudimentary  gland  cells  on  their 
exterior,  and  hardened  in  that  situation.  This  process  was  looked  upon 
as  having  taken  place  at  an  early  period  in  existence,  the  membrane  out- 
living many  generations  of  gland  cella.  But  another  recent  view  appears 
to  us  far  more  worthy  of  acceptation,  namely,  that  the  gland-membniue  U 
only  the  transformed,  and  more  or  less  independent  limiting  layer  of  the 
surrounding  eon neetiva- tissue,  and  represents  therefore  a  contiguous  por- 
tion of  the  middle  germinal  plate.  This  theory  olfers  an  eai»y  explanor* 
tion  for  the  pre^nce  or  absence  of  the  nrembrana  propria.  It  seema^ 
moreover,  to  be  a  characteristic  of  tlie  gland  cells,  in  con tradiatinc tion  to 
other  cellular  ekments  of  the  body,  that  they  do  not  generata  extemally 
definite  formed  products. 

The  shapes  under  which  the  memhrana  propria  or  limiting  la^or  of  con* 
nective-tissue  presents  itself  to  us,  are,  as  has  been  already  remarked, 
very  various.     Three  varieties  may  be  generally  recognised,  and  cotrea* 


f^,  ^?9,  —  Web   of    tint 
•tellAte  connecttvo-tlir- 

iDftcerfttlüA  from  thu 
membrana  pfopria. 
ftimi  tha  mibhijULllJary 
giwki  of  th«  dog,  mftcr 
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to  ibese^  thi«e  forme  of  glands,  whkh  are,  however,  liere  and 


,'^rt. 


W\M*  MOl— Sample  tnbxUiJ' 
flunJc  ficim   lite  niiicuaA 


Fife  «l^A  eoiif«lHt*d 
f land  from  tli«  con- 
jtui£tlv»  Cff  thtt  cat'. 


thei<i  blended  one  into  anollit^rf  and  also  make  their  appearatK^  at  ona 
tiina  ift  simple  J  at  another  as  vory  cmnpki^  npparatuaeSi 

(L)  In  tlie  first  form  {%.  330)  the  envelope 
preäcnts  itself  aa  a  narrow  pasKage  of  very  variable 
length,  almost  always  dosed  at  one  end  and  open 
at  the  other,  discharging  itself  either  indepen- 
dently or  in  connection  with  othtir  atrncturea  of 
the  like  natare  in  the  form  of  a  v^ry  complex 
ApparatuBL  An  envelope  of  this  kirid  is  known 
OS  a  ^land  tuktdt^  and  such  glands  are  named 
iuhtilar.  Of  these  two  kinds  are  i^cognised, 
namely^  the  timple^  where  the  wht*lö  organ  con- 
fiiila  entirely  of  one  microscopLcslly  gm  all  eac ; 
and  the  cömplm,  where  several  or  very  many  of 
thete  tubuU  ate  combined  to  form  a  new  anato- 
Taieal  nnit,  or  if  we  prefer  another  view,  where 
the  tuhulea  are  sab-divided.  They  may  even  form 
a  retifortn  combination  of  tube&  If  the  latter 
attain  great  lengthy  aa  is  the  case  in  two  com- 
^K>und  glands  of  the  hum  an  hody^  the  testicle  and 
the  kidney^  they  may  be  regarded  as  a  special 
vari^y  under  the  name  of  gland  tubes  (fig.  33 3,  a-e). 


feroiit  tuUi;  f ro(Q  the  ki^Htff 
of  ji  kitten,  4i-f,  prQiH'Qittl'r« 
lubklliriftioa  nt  acut«  unffJsa. 
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AnotLer  peculiar  species  of  tubular  glands  h  presented  in  those  m 

which  the  upper  and 
uftually  uodivided  bliüd 
end  is  twisted  iiito  a  con- 
volution  like  a  raü  of 
rope  (fi^.  331).  To  theae 
the  suitable  name  of 
^^  öünvoMeä  glands  *'  has 
tjeen  give  a  {Knäuel- 
driigefi  of  Meis^ter). 

{%}  lu  a  second  group 
of  glaadular  organs  w© 
meet  tlie  inetnbmna  pro- 
j>m  u  n  der  t  he  ele in  en  laiy 
form  of  the  so-üaÜ^  ajwf?* 
gland  vesicle^  that  is  of  a 
short  wide  hlmd  sac  of  i 
microscopic  dimension«  f 
(%  332).  This  struc- 
ture may  frequently  be 
very  aptly  compared  to  a  short-necked  flask  with  a  wide  body^  whilst  in 
other  coses  it  is  more  like  a  spheroidal  berry  or  short  blind  gut 

In  this  case  the  most  characteTietie  points  are  the  grouping  of  these  i 
vesicle«  together.     Sueh  a  group  (which  frequently  attains  considerable 
dimensions)  may  form  a  complex  gland  still  of  microscopical  miauteness, 
or  may  be  associated  witli  other  aggregations  as  a  su  Mi  vision  of  an 
oigan  (figs.  yM  and  334). 

These  aggregations  are  known  under  the  names  of  hhidi  or  fteini  (1). 
From  these  open  vesicles  a  multitude  of  glands  is  built  np,  as,  for  instance, 

the  so-calJed  raeemose^  which, 
with  all  their  variety  of  general 
figure  and  diUer^nce  of  siie  are 
really  under  the  microscope, 
comparatively  speaking,  very 
uniform  as  to  structure. 

No  very  sharp  line,  however, 
can  be  dra^vn   between   these 
kit  described  and  the  tubukr  < 
ap^iee.     If  the  walls  of  ihm 
latter  be  not  smooth ,  namely, 
and    the    membrana    propria 
bulges  outwards  in   the  form 
of  spheroidal  projections,  and 
that  a  certain  division  of  ibe 
sac  is  corabinetl  with  this,  we 
hove  as  a  consequence   inter- 
mediate forms  which  may  with 
equal  right  bo  said  to  l>elong 
to  either  species  of  gland. 
(3.)  In  a  third  species  of  glands  we  find  a  bounding  layer  of  eonnective- 
tlssue  in  the  form  of  a  roundkh  capmie^  closed  on  all  sidf^s,  and  fn^ 
quently  of  considerable  &uß  (fig.  335)«     Capsules  of  this  kind  get  nd  of 
their  contents  either  by  rupture  of  their  walls,  known  as  deliwcena^  by 


fljf.  94s. — Gtaiida1v»p«xU'C«  fmm  tbethjrold  of  metilld. 
d,  gTi>uiid-w>rk  of  Cühoectire-tiHue;  b^  tile  capiul« 
itaslf  J  i,  glaii4  iXÜi  ot  iHa  Utter. 
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which  they  ar«,  without  exception,  destroyed,  or  the  cavity  remains 
oLofied  during  the  whole  of  life,  the  contents  exuding  thmugh  the 
pariete^.  To  the  first  of  theee  apecieg  the  glandular  elements  of  the 
ovaries  belong;  to  the  second,  those  of  the  thyroid  hody.  In  man, 
however,  we  never  meet  with  a  whole  gland  formed  of  one  closed  capsule 
by  itself,  as  is  the  case  with  the  tuhular  folliclea.  The  few  organs  in  our 
body  which  may  be  numhi^red  with  the  last  Bpmi&St  are  composed  of  a 
multitude  of  elements  of  tlm  kind  imbedded  in  a  conn^tive-tissue  ground- 
work. 

Bemahes,— The  woid  '^acinui  *'  it  §lm  niade  use  of  to  detigtmt«  the  glsnd-Tewcle, 
»0  tU»t  it  if  la  well,  parhapa,  to  flvoid  the  term  entiruly. 

{195. 

The  second,  and  more  important  elementary  stnicturt^a  of  the  oi^ns 
with  which  we  are  now  engaged,  are  the  gland  cells.  These  are  derived 
from  the  corneous  and  intestinal  glandular  embryonic  leaves,  and  in 
keeping  with  their  origini  never  completely  lose  their  epithelial  characters, 

la  the  bodies  of  many  of  the  lower  aoimaia  the  significance  of  these 
gland  cells  appears  in  the  most  striking  way.  The  interesting  disco  very, 
namely,  has  been  made,  that  in  them  thei^  exist  glandular  organs  which 
consist  of  but  one  «ingle  cell  only. 

Within  the  cuvities  of  glandular  organs  these  cells  are  either  packed 
closely  together  without  order,  filling  out  the  former,  or  they  clothe  their 
internal  surfaces  like  epithelium,  iiot  unfrequently,  when  ao  arranged, 
their  figure  is  poIyhedj*al»  They  may  also  occur  either  arranged  in  one 
single  layer,  or  forming  a  double  lamina. 

At  the  outlets  of  glands  these  cella  are  continuous  with  those  of  the 
tieighbouring  epithelial  formntions,  and  frequently  without  any  sharp  lino 
of  demarcation,  so  that  tho  latter  may  be  looked  upon  as  having  become 
gradually  transformed  into  glandular  elements,     Indeed,  we  meet  with 


Flff^  ns.— Cell*  rmm  rh«  peptic  gl^Dd*  f*f 

nmki:  d ^,  ewUs  w\\i%  lUiarper  con»mir 
und  iteerreai«  in  th*'  niiHibCf  of  fTtniÜM 
uAUKU3r  couiilcied  Id  iud)« 


Fig-  SST^— EDtniiii  hep«' 
tie  edl^    4,  we  vf ttr 

inother  iHth  tiro  of 
the  l«tter. 


many  ^ndular  organs  whose  cells  are  but  little  different,  at  l^at  aiiato- 
mieally*  from  those  of  the  epithelia, 

Tho  difi^r^ut  species  of  cells  which  ar^  met  with  in  the  latter  have  their 
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co!»it«rpaits  again  ariong  those  lining  ginn  da.  On  account  of  the  phjiio- 
logical  caÜÄ  made  on  them,  however,  they  require  greater  volume  thaa 
^  simple  epithelial  elements.    For  this 

t¥^^^l^, .  reason  we  miss  among  them  the  ex- 

^f  tremely  flattened  flcales  of  many 
pavement  epithelia,  and  mm%^  on 
the  other  hand,  os  a  rule,  mow  CQbi- 
cal  forms,  which  diBpIajT  however» 
condderabla  divemty  to  the  mamiei' 
in  which  they  are  fitted  in  among 
their  neighbouia.  COiated  gbnd  cells 
are  never  met  with  in  thehumanbody^ 
if  w©  except  thoae  of  the  gland-fol- 
licles of  the  uterus,  and  are  but  of 
rare  occurrence  clae where.  Depoitti 
of  meknin  likewiBe  are  never  ie«n 
here,  although  granule*  of  yellow 
and  brown  pigment  are  not  so  rare» 
Small  fipberoidal  or  completely 
spherical  cüIU,  first  of  all  are  to  be 
found  for  instance  in  the  ovary,  clothing  iU  capeulea  and  larger  ones  in  the 
eehaceous  glands  of  the  ikiu  and  Tneil^ian  of  the  eyelids.     The  gland 

cell  may  frequently  i&- 
semhlo  very  cloeely,  when 
seen  from  above,  one  of 
the  element»  of  flattened 
epithelium,  its  body  having 
become  widened  out  It 
is  in  this  form  that  the 
cella  lining  the  peptie 
glands  of  the  stomach  ate 
presented  to  us  (fig,  336}| 
and  also  those  of  the  liver 
(fig.  337),  with  many 
others.  Another  species  iA 
the  more  or  less  cylindrical 
cell  This  is  to  he  teen 
in  the  uterine  glands^  the 
so-called  tubular  mucous 
glands  of  the  stomacbi  and 
racemose  glands  of  mucous 
niembraDts      {ScItl^vnrTf 

and  in  Lieberkahni  foU 
licles  of  the  «mall  intestino 
{^^  338,^),  In  the  latter, 
acoonliog  to  Sdiuht^  the 
most  exquisite  examples  of  \ 
**  beaker  cells"  are  to  be 
Been  between  the  ordtmuy 
columnar  element& 

We  have  recently  been 
made  acqu^nted  with  the  iact  that  in  certain  glands  there  exist  Iwu 


VUt-  3*9- — ^iland  <^pLlUrl»  fmm  the  f)«ncTeu  of  ■  rmbblt,  AUtvI 
vlib  Beilin  isla«  {§X\vt  Sarvsttty.  V  mnd  2.  m  J^r??  eitTciory 
dad;  t^  thut  oi  ui  iidiniu;  £,  finiait  raj^ilUrj  p«a«4£t«;  Ji, 
mn  Bctnu«  wlib  ceU^  «od  glsad  npUJ&rio  nfiljr  pwfUjUjr 
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kindt  of  eellaki  elementa,  as,  for  instaTice,  In  the  aubmaxÜlary  and  peptic 
gUüris  t»f  many  mammals.     We  abaJl  refer  to  these  agfiiii, 

Jjifl'ereiices  in  gianiJ  ce!b  have  also  been  remarked  correepouding  to 
tlieir  canditionß  of  activity  juid  rest^  e.^,,  in  the  glands  of  Üw  stomach  and 

.  lubmaKillary  of  munj  mammals,  &e« 

I  KuÄÜy  {m  paamnt)^  between  the  hepatic  elements,  and  later  still 
%«twaeii  those  of  several  taüemoae  glands,  a  system  of  the  moflt  deiieate 
canak  has  been  met  with,  to  which  the  name  of  '*  gland  capilianes^'  bis 
been  given.     Fig,  339  will  give  some  idea  of  the  nature  of  these» 

Turning  now  to  the  si^e  and  further  compOBition  of  the  gland  cell,  we 
observe  great  diversity,  eiipecially  in  the  former.  Those  elements,  for 
instance,  clotliing  the  inti^riial  surface  of  the  ovarian  vesicles,  possess  a 
diameter  of  only  0"00T4-0  OODO  mm.,  wliile  the  roundish  polyhedral  cseUs 
of  the  racemose  mucous  glanda  measure  00068-0  0113  mm.,  those  of  the 
peptic  glands  0 '0226-0  0326  mm.,  and  those  of  the  liver  almost  as  much, 
&c_  In  these  cells  are  to  be  found  single,  or  not  unfrequciHly  double, 
nuclei  of  from  0*0056  to  0'0090,  at  one  time  vesicular,  and  at  another  mote 
homogeneous.  At  a  later  period,  in  the  more  mature  cell,  these  may,  how- 
ever, become  dissolved.  The  contour  of  such  elt^raents  is  usually  very  deli- 
cate, and  their  contents  are  of  various  kinds;  this  we  shall  again  refer  to. 

§  196. 

The  delicate  constitution  of  the  cells  in  quegtion,  together  with  the 
lively  interchange  of  matter  which  is  carried  on  through  their  agency, 
tends  to  render  the  exbtence  of  a  certain  number  of  them  very  transitory, 
showing  again  another  parallel  with  many  epithelial  elements.  But  while 
we  are  able  to  demoni^trate  the  briefness  of  the  existence  of*many  cells 
with  all  the  certainty  desirable,  we  have  no  facts  to  support  us  in  other 
cases,  nay,  we  even  have  observations  wliich  point  to  the  very  opposite 
conclusions  as  regards  them.  Thus  the  hepatic  (üg.  337)  and  fenil  eelli 
are  known  to  be  comparatively  permanent  elements. 

Here  again,  as  among  the  epithel] a,  mechanical  wear  and  tear  takes 
place  also,  the  stream  of  fluid  which,  flows  towards  the  outlet  of  the 
gland  carrying  off  with  it  greater  or  smaller  quantities  of  the  cellular 
Jining.  If  we  obsc^rve,  for  instance,  the  stratum  of  mucus  which  covers 
the  coats  of  the  stomach  wliile  digestion  is  going  on,  especially  among 
phytophagous  animals,  we  may  frequently  il Iscover  extraordinary  numbers 
of  peptic  cells  swept  away  iti  the  gastrie  juice  which  wdls  up  from  below. 
The  sebaceoum  secretions  of  the  skin  contain  likewise  celldkr  elements 
derived  from  the  glands,  from  whenco  they  emanate.  In  other  organs, 
however^  such  as  the  kidney,  lachrymal,  and  sweat  glands,  the  cells  appear 
to  be  washed  away  to  a  smaller  extent,  and  in  the  bile  hepatic  cells  are 
never  to  be  found. 

The  transient  nature  of  these  elements  is  manifested  sgnin  in  another 
way.  They  are  destroyed,  namely,  to  form  the  secretion  of  the  gland  to 
which  they  belong.  Without  taking  into  account  such  peculiar  changes 
as  lead  to  the  origin  of  spermatoEoa  within  the  cells  of  the  seminal 
tubules,  we  find  the  most  oixlinary  mode  of  decay  to  he  in  physiological 
fatty  degeneration,  as  it  mfij  be  expressedj  of  the  elements  of  glands. 
HerB  the  cells  are  observed  to  he  destroyed  by  the  generation  within 
them  of  fatty  contents,  undergoing  eubsequently  a  process  of  solution 
by  which  the  latter  are  liberated,  and  appear  aa  conatituents  of  the 
glandular  secretion.    This  is  found  to  take  place  in  the  sebaceous  glands 
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of  the  gkm,  in  the  mumma  dunng  lactation,  in  the  Mmhomian  and 
cerurainous  glands,  aa  well  as  many  of  the  gudorifemus  organs. 

Thus  we  see  the  sacculeB  of  sebaceous  glands  (fig.  340,  ^i)  clothed  on 
their  internal  surface  with  cells  («),  which 
may  be  regarded  as  a  modiiied  prolonga- 
tion of  the  Malpighian  layer  of  the  skin, 
but  whiüh  diJfer  from  the  latter  in  being  to 
a  certain  extent  nth  iu  fatty  granules  (^,0)* 
By  a  further  deposit  of  fat  within  the  cdl 
the  latter  k  ib creased  in  sijje  {B^  ^/)»  a^^d 
becomes  detached  from  the  memhrana propria,  j 
(*4,  h)^  m  that  in  the  cavities  of  the  ox^gan ' 
cells  of  0  0377-0-05 63  mm.  are  met  with— 
elements  in  which  the  amount  of  fat  is  very 
considerable.  The  latter  presents  itself 
either  in  the  form  of  innumerable  granules 
{B^  h)f  or  several  glohulea  of  oÜ  {c)  enclosed 
within  the  membrane  of  the  cell,  or,  one 
large  drop  communicates  to  the  latter  the 
appearance  of  an  ordinary  fat  cell  (d).  The 
nuclei  of  the&o  elements  are  gradually  de* 
'itroyed,  apparently,  aa  also  their  envelopes, 
at  least  frequently*  Thus  the  secretion  of 
eebaceous  glands  contains,  in  the  lirst  place, 
free  fatty  globules,  and  in  the  ne^t  place, 
those  cells  loaded  with  oüy  matters  just 
described. 

A  process  precisely  similar  to  this  takes 
place  in  the  mamma  of  the  nursing  woman. 
Here  we  see  in  the  so-called  colostrum  (* 
milk  which  is  secreted  during  the  later 
period  of  pregnancy)  round  bodies  of 
0-015l-0'0563  mm,  in  diameter  (%  341, 
b)t  know^  colmtmrn  corpuscles^  which  are 
sunply  aggregations  of  fatty  particles  ol 
varying  size,  held  together  by  some  aj^glutinating  matter.  At  one  tiniil 
they  are  seen  to  possess  envelopes  and  nuclei^  at  another  to  he  without 
either.  There  can  be  no  doubt  that  in  these  structures 
are  pTesented  to  us  tlie  gland  cells  which  have  h&sn 
shed,  and  having  undergone  fatty  degeneration,  are  1 
now  in  process  of  solution. 

Soon  after  delivery  the  milk  contains  Innnraerablel 
milk  globules  as  they  are  called  (a),  that  is,  small ' 
drops  of  oil  enclosed  in  a  delicate  film  of  coagulated  i 
casein.     Tliese  bodies  are  of  very  different  diameterai,^ 
measuring  from  0002S)  to  0'0090  mm.     In  this  cäsä 
the  increased  energy  of  secretion  has  led  to  rnptupe 
of  the  gland  cells  while  still  within  the  organ* 
In  those  situations  where  the  gland  cell  possesses  a  finely  grannlaf 
body  consisting  of  albuminoid  matters,  we  find  it  a  matter  of  greatof 
difficulty  to  convince  ourselves  of  the  destiTiction  of  the  former  in  the 
formation  of  the  secretion.     We  usually  meet,  however,  in  the  mucoui 
and   peptic  glands  of  the  stomach  with  a  certain  number  of  liberated 


Fi|r^  540.— Sncciilo  nf  &  lebKc^g« 
g]|ftniL  a,  KJmd  cells  dothlnf^  the 
iTJilJi ;  ft.  thow  wh^eh  lio^ft  been  cimt 
oCttJled  wltl>  ol]  jrliibu]«^  trid  r^ccii- 
pjtDg  the  lumrii  of  the  emc;  Ä,  the 
ceUi  und«r  hlj^her  mafniLfyltig 
prtjwer?  a,  AmRll^r  BpoHmenftbelong- 
iQfT  bi  the  pAiif^u]  Ifltcr^  and  pot^r  in 
fhX\  b^  ImrmcT.  with  ahundjitife  of  the 
Itbrer;  r,  « trell  In  whkti  fcvemi  oil 
Ati^biili^f  hnV'B  (roftltiAoed  to  form 
iMtgiST  dropB;  4Tid  4I,  tine  wltli  a 
»Ingle  fftt  «lobu]*',*  **/.  etil*  wboafl 
f At  iiji#  pirtJiUJy  ««CÄtied. 
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mülecules,  as  well  as  imkeil  nuclei,  and  even  liroken  down  cells,  aa  that 
the  desLrtiction  of  numerous  ceHnlar  masses  cannot  M*ell  he  denied.  Such 
celhiliir  debris  hoa  long  been  known  j  at  an  earlier  epoch,  however,  by 
reversing  the  order  of  things,  a  view  of  its  nature  waa  taken  which 
favinirüd  tbe  theory  of  the  spontaneous  origin  of  cell». 

Another»  and  it  appear»  equally  widelj^preml  destru^tivü  process,  is  met 
witli  ill  the  metamorphosis  by  which  mucin  is  formed.  Ürdtnary  albumi- 
nouö  celb  madu  up  of  the  usujil  protoplasm  occupy  the  parietal  portion  of 
the  glandular  sac,  while  larger  elements  containing  mucus,  and  which  have 
bud  Lbt'ir  rise  in  the  first  foi^n,  are  situated  in  the  more  central  part.  By 
the  solution  of  the  lattar  the  mucui  of  the  gland  is  produced.  Thia  is 
found  to  take  place,  fur  instance^  in  numerous  small  mucous  gland«,  suck 
as  the  Libia!  of  man  and  the  rabbit,  those  of  the  larynx  of  the  latter 
animal  and  the  dog,  in  tbe  subm axillaris  of  many  maiunmlia,  Leginning 
witb  tlie  dog  and  cat,  and  Hnidly,  in  the  sublingual  of  the  dog. 

Wo  shall  have  to  consider  those  points  at  greater  length  among  other 
things  in  the  third  part  of  our  work,  in  refernng  to  tbe  salivary  glands. 

The  reverse  of  all  this  takes  place  in  other  glandular  organs,  as,  for 
instance,  in  the  kidney,  where  t)ie  colls  allow  the  secreted  matters  to  pass 
thrtmgb  their  membrane,  repeating  again  what  occurs  among  tbe  epithelia. 

The  question  as  to  bow  gland  cells  are  regenerated  calls  for  renewed 
inyeetigation.  There  can  be  but  little  doubt,  however,  that  a  process  of 
»egmentation  takes  place 
amotig  them,  for  in  many 
organs  the  occurrence  of 
cells  with  two  nuclei  is 
of  great  frequency  (fig. 
330,  0 1  and  337,  b). 

{  197. 

The  t^asetilanaation  of 
glands  in  keeping  with 
their  extreme  vegetative 
energy  is  very  perfect. 
The  form  of  the  vascular 
networks  la  liable,  bow- 
ever,  to  great  variation, 
being  determined  by  tbe 
shape  of  the  glandular 
elements.  Tbus  mce- 
rnose  glands  are  found 
!<}  possess  around  their 
spheroidal  veaiclea  cor- 
re."^  pf m  d  in  g  b^  -  sb  aped 
capillary  networks  (fig. 
342),  like  those  of  fat 
bbuks.  On  the  other  hand,  tubular  or  follicular  glands  are  supplied 
vith  »  system  of  capillaries  arranged  in  more  elongated  meshes  or  loops 
along  their  walls  (fig.  327  and  343),  not  dissimilar  at  times  to  tbe  mode 
of  arrangement  of  the  minute  vessels  in  striated  muscle.  Around  the 
outlets  alone  when  crowded  together  do  the  meshes  again  assume  a  cir- 
eular  form  (€g.  343  above,  and  344  €}.     Tbe  vascular  network  of  the 


Fig,  M2.^Cm^\ünry  ^lotwork  from  «  racetuoK  f Jaad  (Uifl 
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liver  (%,  345),  is  extremelj  dense  eixrroiinding  the  cells  (comp*  fig.  328)*, 
partly  with  roundiih  and  partly  with  more  or  less  radiating  loops. 

With  the  exception  of  the  ktter  anomalous  organ,  we  never  find  the 

capillary  networks  situated  actually 
among  the  groups  of  ceils  them- 
selves, hut  external  to  the  mem- 
bnma  propria  ot  envelope  of  conuec* 
tive-tissue. 

In  thoäe  casea  in  which  the  ineasels 
penetrate  into  the  interior  through 
the  enveloping  structures,  aa  in 
Pe^er'«  glands  and  lyniphatic  knota, 
the  part  is  improperly  termed  a 
gecreting  organ,  and  belongt  rather 
to  the  lymphatic  formations. 

The  energetic  transformation  of 
material  which  takes  place  in  gla&di, 
appears  as  a  rule  to  necessitate  the 
presence  in  them  of  li/mphaiüs^  aci 
iicquaintance  with  the  nature  of 
which  has  recently  been  gained  with 
greater  accuracy  than  was  previously 
possible.  The  testicle  and  thyroid 
gland  (fig.  344,  cf,  and  346^  d-f)  may 
be  mentioned  as  exampleSw 

With  the  consideration  of  the 
nervous  iuppip  of  glands»  we  come  to  on©  of  the  most  obscure  points  in 
hJatobgy,  The  nerves  her«  met  with  ccmsist  partly  of  Hemakf^  fibres, 
and  pai'tly  of  medullary  elements*  Their  diätribution  is  in  the  first 
place  to  the  blood-vessels  of  the  organ,  then  to  the  excretoiy  dncta  and 
secreting  elements  of  the  latter.     As  a  rule^  but  few  and  scattered  nerves 

can  be  recognised  in  glamlsi, 
but  that  SBVoml  of  the  latter, 
as,  for  instiince,  tlie  lÄch* 
rj^mal  and  saJivary,  ate  richly 
suppUed  witli  them  ha« 
already  been  uientioned  ill 
a  previous  s*»ctiöii  (5  189). 

Vmirtped  nmicie  may  alao 
be  an  important  element  in 
the  structure  of  gl^ids. 
Thus,  without  taking  into 
consideration  the  muscular 
structures  around  the  effe- 
rent duct%  we  may  see  in 
the  first  place  narrow 
bundles,  ascending  betM'ecn  the  individual  glands,  aa,  for  instance,  in  tlie 
mncosa  of  the  stomach,  or  the  same  may  be  observed  in  the  connective- 
tisane  enveloping  tho  several  dub-diviaioua  of  the  organ,  as  in  the  prostata 
and  Cmcf*er'a  glands  (Kadbker).  The  wall  of  the  oi^an  again  may  bo 
tnnicular,  as  best  seen  in  tlio  largo  sweat  glands  of  the  axilla. 

Ill©  excmtory  pasmgis  of  glandular  oigans  must  now  bo  specially  d<i- 
iciibed.     We  have  already  seen  that  tltese  are  not  indispensable  to  the 


^-  I 


F!«-  M4.— FfüiTi  Ilse  t.  »rli'i«' *if  the  alt.    At  (a)  the  (Kmlniil 
tttbul«»  «r«  «ei^n  ■«»lewhitt  fmnt  the  aide;  ttt   (&)  tmtiiH 
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proper  conception  of  a  gland,  and  OTen  in  caaei  in  which  the  latter  poo* 

BOSSES  an  outlet  r  there  nmy  be  as  jet  no  tmm  of  a  Bpecial  canal  for  the 
cairyiug  off  of  the  secietion  of  the  part. 

All  film  pie  foliicuhir  glands  belong  to  the  lattet  order,  in  which  the 
form  of  cell  changes  just  before 
the  Outlet  h  reached,  but  the  ter- 
mitiation  of  the  follicle  itself  is  not 
citiariy  dofinecl  In  those  caaes 
only  in  which  several  of  the  latter 
are  united  in  one  common,  abort, 
and  widened  terminal  portion, 
can  we  speak  of  such  a  eanal, 
m  in  those  peptic  glands  of  the 
atomachj  in  which  the  portion 
eomm*3n  to  the  several  tubulea 
{Stünuich  €ßU  of  Tmid  and  Bow- 
tnan)  is  mirked  by  the  difference 
of  its  columnar  cells  (fig.  347,  a). 
Thy  straight  portion  of  the  tubides 
of  convoluted  glands  may  be 
looked  upon  as  an  excretory  duct» 
as   it   paas^    from    the  eon  vol  ü- 

tion  towards  the  outlet,  although      „g.„^K«*ork ,f  .m^ to *t.. «bNt^llnr. 
neither  the  structure  of  the  Wfill 

nor  tlie  cellular  lining  is  altered  in  the  least  f  the  diameter^  howeverp 
decr@asea  at  &rs&.     On  the  other  hand,  among  complex  tubular  glande, 


fit-  Wf,— FVflm  Uie  thfnild  pI  Oib  tnfiint  it,  crypt  «f 
glind  flUed  ^ih  ct^Ua  nltfOB  |  6^  Indpiletit  eoUold  met»- 
Moi^öMli«  ni  ill d  content«;  «,  the  lait^^r  ßir  Ai1rmiie«d  ; 
ätm^f,  liirf«  lympiiitlcsi  i^  imiül  IfmpJmtla. 


Wit'  MX— A  mnpoond  p«ptte  g\tLn4 
Jktmi  the  doff,  a,  tHs  orlQcc  of  fxU 
CfftpmacA  tell)  d^thed  witli  colnninAr 
PpltlK'Jiom  £  h,   ^iDt  at  dlfUloti;  t, 

rf«  co&tetit«  puBliiK  Qrnt.  H  fht  ortll^ 
(d>  In  tTuvren«  MctlofL    I.  Section 


mch  as  the  kidney,  we  find  an  elaborate  system  of  emeretoij  ducts  lined 
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with  clear,  low»  cylindrical  coUa,  traversing  the  whole  or^an  (fig.  348, 

a^d).     We  shall  refer  to  this  again. 

The  ducts,  or  systems  of  ducts  of  racemose  glaad«,  however,  ara  recog- 
nised hy  all.     The  most  simple  forms  in  which 
these  may  be  seen  are  to  be  found  in  the  small 
glands  of  mucous  membranes  {%.  349)>     Here 
we  see  the  vesicles  making  np  a  lobule,  continued  - 
into  a  shorter  or  longer  passage  of  small  diameter,  J 
whose  wall  is  formed  by  a  prolongation  of  the  mem- 
hrana  propria.     Among  very  small  glands  of  this 
nature  the  j  unction  of  two  tubes,  such  as  that  just, 
desert  bed  J  may  fOURtitut«  the  whole  duct  of  lb« 
organ  (fig,  326).     But  in  other«  the  matter  is  not 
to  simple,  and  in  the  larger  mucous  glatids  tht» 
common   canal  of  exit  from  a  group  of  lobnl# 
formed  by  the  conüuence  of  their  ducts  is  but  ft' 
branch  of  the  true  common  paasage.      In   the 
latter,  or  even  in  a  branch  of  the  first  order  of 
any  considerable  gland,  we  no  longer  lind  thq 
simple  homogeneous  structure  of  the  metnbrana , 
propria;  the  walls  are  here  composed  of  long 
tudinally    arranged    connective-tissue  fibres,    in* 
addition  to  which  an  external  stratum  of  looser 
tesLtura  nmy  be  remarked.     They  are  lined,  like- 
wise, within    with  a  layer  of  epitheJium  cellsi 
The  length  and  breadth  of  these  passages  is  anb- 
ject  to  much  variationi. 

What  has  just  been  described  may  serve  as  a 
key  to  the  mode  of  formation  of  the  larger  and 
even  largest  glands.  The  subdivision  and  rami- 
fication of  the  passages  in  the  latter  has  only 
advanced  further,  and  the  groups  of  lobules 
may  be  said  to  correspond  to  a  certain  extent  to 
the  indiviilual  mucous  glands* 

The  further  diversity  of  form  of  organ«  of  thi« 
kind  dependftf  also,  in  a  great  measure  on  the 
^^^  peculiar  cuurtie  of  these  passagea     Thus,  in  the 

pancreas  we  see  the  principal  duct  passing  alnioslj 

directly  through  the  axis  of  the  gland  towards  its  apex.     Many  oth^l 

organs,  also,  as,  for  instance,  the  luehrymal  and  mammary  gh-inds,  are  po»*J 


s-\ 


Fljt,  atS.— Prmu  the  kidney  of 
tia«  GulDCft^lfp  Iti  vertlcAl 
•ecüon«  B-dt  excretorjr ;  ittid 
9-K  leot^lnfi  porUon  tyt  tha 


Fig.  NO. — SmAll  muccmi  flflAnda,  wime  of  iirliii«e  duett  anlt«  In  a 
cwnunun  ooUet* 

sessed  of  several  outlets :  the  union  of  the  final  twigs  to  form  one  common 
canal  m^y  be  said  in  this  case  not  to  have  taken  place. 

In  regard  to  the  texture,  in  these  instances  we  have  presented  to  us  lis 
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the  finer  ramificationa  the  state  of  tkings  alreudy  Beea  in  the  smaller 
mucous  glands.  The  more  considerable  and  terminal  passage«,  however, 
acquire  a  tougher  internal  tunic,  lieh  in  elastic  elemcnte,  which  ie 
envelut>«d  in  the  extcmaj  coat  Between  these  two  layers  there  is  inter- 
posed, further,  in  one  class  of  glands  a  muscular  sheath,  consisting,  when 
only  »lightly  developed,  of  longitudinally  arranged  nastripcd  fibre-ceUa,  as 
m  the  mamma  and  Oowpers  glands,  When  more  highly  developed  it  is 
made  up  of  an  oxtemai  longitudinal  and  internal  transverse  layer,  to 
which  may  he  added  another  still  more  internal  of  longitudinal  fibres  (vm 
d^0rma).  The  tunic  altuated  internal  to  theae^  formed  of  connective** 
tissue,  19  gradually  con  veiled  into  a  mucous  membrane  clothed  with 
cylinder  cells,  and  in  it  again  minute  mucous  glands  may  appear  (biliary 
and  pancreatic  ducts). 

51%. 

Turning  now  to  the  individual  glands,  the  following  point«  may  he 
borne  in  mind:  — 

L  Among  the  tubular  glands  of  the  human  body  may  be  reckoned 
B(mniani>  of  the  regio  olfaetoria,  Ltt^herkükn'g  of  the  umall  intestine,  the 
lo-cailed  follicles  of  the  large  intestine,  the  peptic  and  mucous  glands  of 
the  stomach,  and  the  glands  of  the  uterus.  These  all  consist  of  follicles 
of  varjnng  longlh*  formed  of  a  simple  membrana  propria,  Thdr  length, 
which  depends  on  the  thickness  of  the  mucous  membrane,  ranges  from 
0*2256  to  2^2558  mm.  and  upwards.  In  hreadth  they  dilfee  consider- 
ably; in  Binrfnan'$  glands  the  diameter  being  0  0323-^0^0564  mm.,  in 
JAeberXMn'»  0*0504  mm.,  the  large  intestine  0*0564*^*1130  miiK,  and 
mcreting  the  gastric  juice  0  0323-0*0457  mm. 
The  number  of  thi^se  glands  is  often  very  considerablej  so  that  they  may 
eover  the  whole  surface  of  the  mucous  membrane  when  crowded  together, 

aty  for  insLance,  th*?  follicles  of  Lielmrkiikn  of  the  cat  (tig.  350.)     The 

'  tuhes  usually  remain  undivided,  but  in  nmny  gland*,  as  those  of  the 
stomach  and  uU^ru'*»  each  may  be 
split  into  two  or  three  branches. 
The  cells  contained  within  them 
are  partly  flattened  and  round, 
partly  cylindrical 

Among  the  tonvoluted  glands 
we  have  the  am  aller  and  larger 
Budoriferou*  organs,  the  eorumi- 
tious  glands  of  the  ear,  and  the 
tubule»  occurring  in  the  conjunc- 
ÜTft  at  the  edge  of  the  cornea 
in  many  mam m ab.  It  is  seldom 
that,  as  in  tlie  latter  situation, 
they  possess  a  simple  membrana 
propria»  In  most  the  wall  is 
»tronger,  this  membrane  being 
Again  enclosed  wiLhiri  a  layer  of  ronnective-tiasue,  between  which  stms- 
•  tUftt  muscular  elenH  r;t^  tuay  be  interposetl  as  a  middle  tunic,  cf?.,  the 
Ufge  iw^t  glands  f  1^  ixilla.  In  this  manner  the  walls  may  attain  a 
thickness  of  000  i,  or  even  00135  mm.     The  breadth  of  the 

very  long  tubules  .i    :  .    i  volution  vanes  from  0  0451  to  0'09D2,  or  even 
01505  mm,f  and  that  of  the  whole  of  thd  latter  from  02  to  6'7  mm* 


ng. 


W>^li*^Wm*9  fHnA»  hfim  iltr  cit  Co)«  •tt^ 


S68 


MANUAL  OF  HISTOLOGT. 


Tbe  efferent  duct  ia  at  fii«t  narrow,  later  on  expanded  somewhat,  and 
losea  its  walls  on  peji^tiatiog  the  strata  of  the  epitheliunL     The  ceUa  j 

Uuiug    these    glands    am  J 
usually  ronndish  and  flat-j 
tened,  and  possess  a  mora 
or  less  fatty  coutenta 

The    complex    tuhnlar 
glands    present    either    a 
homogen  eon  3     membmne, 
aa  in  the  kidney,  or  thia 
is  replaced  by  connective- 
tissue^  03  in  tlie   tea  tide. 
The  seminal  tubules  of  the 
latter  have  a  diameter  of 
about  O'l  138  mm,»  and  the 
nrinirefous    tubes   of   the 
former  range  from  0*2  and  J 
1^2   to   0  0377   mm.   and] 
upwards.     These  cells  amJ 
polyhedral,  calling  to  mind  - 
the  appearance  of  Üattc-ned 
epithelium. 

The   physiological   pur- 
pose» served  by  the  sevMiaL « 
kinds  of  tubular  glands  i 
exceedingly  various, 
2.  The  racemose  glands  constitute  a  very  large  group  of  organs,  varying 
greatly  both  as  to  size,  the  character  of  the  secretion  yieidsd  by  eai^fa^j 
and  their  physiological  ^ignlEcance.   To  these  belong  thd  many  small  gl&nd 

of  the  mucous  membranes  of  the 


Fl«.  Ä5L— ft-KwiwrV  (rlJmOi  from  the  hiiman  duodeaaai,  a, 
rÜi\i  b,  bntliei  Df  the  gltnd*  fltiuit«4  In  the  »abinucous 
Uhq«,  which  «injify  themwlTO»  through  tJielr  dneti  botwiMn 
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body,  Th  ey  oc  c  u  r  w  ith  very  di  f- 
ferent  degrees  of  fitiqueuey ;  often 
as^  for  instance,  in  the  mouth  and 
in  the  duüiiefianiT  they  are  Terjf  i 
densely  crowded  together  (fig. 
351). 

In  dilTerent  situations  they 
afe  known  under  special  names, 
as  in  the  last  case,  wli^re  they 
have  obtained  that  of  Brunne/s 
glands.  The  sebaceous  glands  of 
the  skin,  likewise,  with  thoaal 
modified  forms  of  them  known 
as  the  Meibomian  of  the  eye- 
lida,  belong  to  this  same  cate- 
gory. At  the  commencement 
of  their  development  the  liraii 
of  these  pre&ent  themselves  fia 
dmple  flask-shaped  follicles,  which  are  subsequently  converted  by  aoccu- 
laüon  of  their  walls  into  smaller  or  larger  racemose  organ Su 

Among  the  larger  glands  of  tliis  group  may  be  reckoned  the  lachrymal, 
thö  various  salivary  glanda»  the  pancrea«,  the  mammary,  Chwp^*§  and 
BartholinCs  glands  in  the  organs  of  generation,  as  well  as  that  a^gfogitlaii 


Fiff.  3Mi3r— FTotti  thi^  ihjrokd  of  the  W%%% 
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of  theie  structures  known  as  the  pioetrate.  The  longs  might  aUo  be  added 
here  on  account  of  their  structure  and  development  The  gland  vesiclea, 
almost  Jilways  ftPfmed  of  a  delicate  menihrana  propria,  vary  in  ske  from 
Ü'l  128  to  0*0451  mm.  J  with  extremes  in  both  directions.  The  contents 
consists  either  of  rounded,  or  more  or  leas  cubical  cells.  Some  of  them  are 
hlled  with  a  fatty  secretion.  We  have  already  considered  their  etl'erent 
ducts  in  the  foregoing  section. 

3.  Turning,  finally,  to  thoee  glands  consisting  of  efifirelp  dosed  roundish 
cavities,  the  thyroid  (tig.  352)  may  be  taken  as  the  type.  Here  we 
tiud  ft  number  of  short  glandular  spaces  of  rtjundiih  form  in  a  ground- 
work of  connective- tissue,  having  a  diameter  of  0'1128'00564  mm,  aud 
loss,  and  consisting  of  a  fibrous  wall  (witbout  any  distinct  rnenUfrttna  pro- 
pria) with  a  coating  of  amaU  round  cells.  In  the  Gnvfßun  vesicle  of  the 
ovary,  which  u  opened  by  rupture,  and  destroyed  after  expulsion  of  the 
ovum  and  remaining  contents,  we  have  another  more  complicated  cap- 
sule, also  imbedded  in  abundant,  dens©  äbrous  tissua  The  interior  is 
lined  by  minute,  round,  nndeated  cells,  in  the  midst  of  which  lies  tho 
primitive  ovum. 

f  199. 

As  to  the  cümposiiimi  of  glandular-tissue,  to  which  we  wlU  now  devote 
a  few  lines,  it  is  one  of  the  most  neglected  subjects  in  histology.  Even 
of  the  nature  of  the  niembraaa  propria  we  know  but  little :  it«  substance, 
however^  is  no  albuminous  one.  It  consists  rather  of  some  material 
dithcult  of  solution,  and  oÖ'ering  a  tolerably  prolonged  reaistanco  to  the 
action  of  weak  acids  and  alkalies,  reminding  us  of  the  bearing  of  the 
transpajieiit  membranes  of  the  eye.  It<  power  of  resisting  concentrated 
alkalies  is  sometimes  also  considerable,  in  which  cases  this  gland-enve- 
lope may  consist  of  elustin,  an  important  point  when  we  take  into 
account  its  indifi'erent  nature  and  stability,  and  the  great  secretory  energy 
of  the  organ.  In  other  cases  this  membrane  is  not  so  durable,  and  we  have 
not  the  fiiightest  clue  as  to  its  composition.  It  need  hardly  be  remarked 
that  at  those  points  where,  instead  of  a  transparent  homogeneous  mem* 
brane,  a  layer  of  connective-tissue  presents  itaelf,  bounding  the  snb- 
di visions  of  the  organ,  we  have  to  deal  with  a  glu tin-yielding  substance. 

The  gland  cells,  the  most  important  parts  of  the  organ  in  question, — 
those,  in  fact,  which  constitute  Üiem  gland  a, ^ — bav«  but  little  remarkable 
about  them  excepting  the  contents  of  their  bodies.  Their  membranes 
consist,  for  the  most  part,  of  a  matter  which  gives  way  even  to  the  weaker 
acius,  but  sometimes  of  a  material  posfiesHing  much  greater  power  of  reeist- 
ance,  thus  reminding  us  of  many  of  the  so  closely  allied  epithelia.  The 
nuelei  pr^cnt  the  same  peculiarities  here  as  elÄCwhere, 

The  matters,  however,  contained  in  these  gland  cells  vary  with  the 

ctee  of  secretion  to  be  produced.  Thus,  for  instance,  we  meet  with 
Eaterials  in  the  cells  of  the  liver  whicb  are  subsequently  found  free  in 
the  bile, — such  as  fats,  pigments,  and  glycogen»  which  leads  to  the  forma- 
tion of  sugar,  and  is  carried  oH  with  the  blood  of  the  hepatic  vein*  In 
the  cells  of  the  mammary  gland,  furtht^r,  we  have  the  butter  fats  of  the 
milk  ;  in  those  of  the  sebaceous  glands,  the  fatty  matters  observed  on  the 
akin ;  in  the  gastric  cells,  the  pepsin  found  in  the  juices  of  the  vtoniach, 
and  so  on.  5Iucin  also  is  contained,  together  with  other  aiibstancea^  in 
those  cells  held  to  be  the  generators  of  mucus. 

KaW|  although  the  components  of  the  secrettons  present  themselves 
U 
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fir^t  m  confilituents  of  ih^  gland  cells,  we  find,  nevertlielesa,  that  tbey 
»lifibr  among  themselves  in  two  particulars. 

In  the  Hrst  place  we  remark,  that  in  a  certain  number  of  the  organs  in 
question  theae  suhsUnces  are  only  abstracted  from  the  blootl  to  sojourn 
aimply  in  the  body  of  the  cell  for  a  longer  or  shorter  apace  of  time.  This 
is  the  case,  for  instance,  with  the  constituents  of  the  sweat  gkuds  and 
kidneys,  in  which  we  are  unable  to  demonstrate  any  notable  chemical 
metamorpboüis  through  the  agency  of  the  ceU.  The  latter  roay,  howeyer, 
be  evident»  though  in  a  minor  de^e,  in  other  glands,  for  instance  in  tbe 
female  breasti  in  which  an  albuminous  substance  i^  transformed  into 
casein,  atiii,  we  suppose,  gnipe  sugar  into  sugar  of  milk.  Such  instaneas 
ate  connecting  links  between  the  fir;3t  case  and  another,  in  which  the  cell 
produces,  by  the  disintegration  and  rearrangement  of  the  matter»  it 
receives,  completely  new  and  peculiar  siihsUnces,  as  may  be  sec^n  in  the 
liver,  in  the  production  of  the  bile  acids. 

Another  diifefooee  concerns  the  cell  itself,  as  we  know  already.  This 
may  either  be  cast  off  after  the  generation  of  ita  apecific  contents,  settiijg 
free  the  latter  (sebaceous,  milk,  and  peptic  cells),  or  the  contents  may 
escape  from  its  uninjured  body,  while  it  itself  remains  as  a  permanent 
atructnre  {renal  and  hepatic  cells)* 

Finally,  the  '*  egotistical "  mutation  of  matter  of  gknJular  tissue,  i.e., 
that  which  takea  place  in  the  interest  of  its  own  proper  nutrition,  must 
give  rise  to  the  generation  of  the  more  general  decomposition  productd 
of  the  system.  Thus,  according  to  Btüeddcr  and  Frcricfi«,  leucin  has 
been  found  in  exceedingly  small  quantity  as  a  very  general  transforma- 
tion product  in  glands,  seldom  in  largt^r  amount,  as  in  the  pancreas. 
Other  bases,  such  m  ty rosin,  taunn,  cjstin,  hypoxanthin,  xanthtn,  and 
guanin,  appear  more  rarely«  Inosit  and  lactic  acid  may  also  be  met  with, 
and  uric  aciJ,  though  witli  less  frequency.  These  matters  are  partly  di»^ 
chaiged  with  the  secretions  of  the  glands,  and  partly  taken  up  again  into 
the  circulation. 

I^ter  on,  in  considering  the  salivary  glands,  we  shall  see  the  control 
which  the  nervous  system  possesses  over  the  chemical  action  of  these  oi^na 

§200. 

Turning  now  to  the  dcmlopment  of  glands,  it  will  be  remembered  that 
the  epithelial  nature  of  these  structures  has  already  been  touched  on< 
The  mode  of  origin  is  the  best  proof  of  this.  It  is  well  known  that  a 
whole  series  of  glandular  organs  is  derived  from  the  ex  lern  al  cellular 
layer  of  the  foetal  body  from  the  so-called  cortteouä  leaf.  They  commence 
in  the  form  of  nodulated  prolongations  downwards  of  the  epithelial  cells, 
in  which  at  first  no  trace  exists  of  either  central  cavity  or  gland- mem* 
brane.  This  latter  is  subae^jnently  formed  on  the  estterior  of  the  aggregar 
tlon  of  cells  as  a  deposit.  The  size  of  this  mass  is  increased  by  diviston  of 
the  cells  of  which  it  is  composed,  while  the  connective-tissue  surrounding 
it  becomes  eventually  the  envelope  of  the  ^land.  Among  the  strnrtiires 
so  formed  may  be  mentioned  the  sweat,  mammary,  and  lachrymal  glnndi!. 

The  isiceat  glamh  (iig.  353,  a)  are  develoi>eil^  according  to  Kmlitb  r^ 
»itsf  the  fifth  month  of  in trar uterine  life^  Commencing  as  small  flask* 
shaped  growths  formed  of  the  rete  Malpifjhii  cells,  they  advance  deeper 
downwarxls  thrtiugh  the  skin  in  the  fullowing  months,  becoming  eventu^ 
ally  carved,  in  a  gradual  manner,  at  their  lower  end.  Then  a  trace  of 
the  central  passage  and  external  outlet  becomes  apparent     The  sehae^oui 
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(jhtfufs  also,  tliQ  first  rudimenU  of  wJuch  may  be  observed  iomewhat 
earlier  than  hi  tlm  precetling  case,  are  likewise  solid  lateral  growths  of 
the  undermost  ceib  constituting  the  rudiments  of  the  emWyonic  hair 
follicle,  atid  possess  the  same  flask- Hko  fonn.  The  cells  in  their  interior 
begin  veiy  early  to  undergo  that  so  characteristic  fatty  infiltnition  with 
which  wo  arc  already  acquainted^  at  the  same  time  increasing  in  voUtme. 
Then  by  eoatitiuous  growtli  they  gradually  form  those  vesicnkr  lobules 
met  with  in  the  fully  matured  structures*  The  mammurij  glmtd^^  again, 
are  developed  in  a  manner  precisely  similar,  from  th«  fourth  and  fifth 
month  on.  Around  the  several  aggregations  of  cells  (hg.  354)  an 
external  connective-tissue  envelope  may  bo  seen,  a  doubling  in  of  the  skiii. 
But  it  i*  only  at  the  i>eriod  of  puberty  and  pregnancy  that  the  organ 
attains  a  state  of  perfect  development. 


r^ 


rtg^  ^ä,^^wi»«i  g]«nii»  of  «  fv^tii 
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ioeticei  x  %,  tad  1  onjrcr* 


As  to  the  genu- producing  glands,  the  ovaries  and  testicles,  a^i  far  as 
i^oiici^ms  their  cellular  elements,  we  are  still,  unfortunately,  in  the  dark 
ill  spite  of  numerous  investigations. 

Besides  those  just  mentioned,  there  are  a  great  number  of  organs  of 
lUe  same  nature,  whoso  development  take«  place  on  a  precisely  similar 
plan,  from  the  so-called  intestinal  glandular  embryonic  plate.  Among 
the^  may  be  reckoned  the  glands  of  the  digestive  apparatus  and  the 
largfT  organs  connected  with  the  latter»  e,g.^  the  liver,  pancreas,  and  lungs. 
Here,  instead  of  the  cells  of  the  corneous  layer,  we  have  before  us  the 
t*l  (omenta  of  the  glandular  leAf  arranged  over  the  surf  ace  of  the  tube  at 
intestinal  epithelium.  The  mode  of  formation  of  these,  however,  is  but 
impcrfisctly  known,  as,  for  instAuce,  that  of  the  lieptic  glands  and  follicles 
ttt  the  large  intestine.  The  follicles  of  LtrMrkülm  appear,  on  the  other 
hand,  to  consist,  from  tbo  very  commencement,  of  hollow  dupllcature«. 
The  first  rudiments  of  B runner'^  glamla,  however,  m  well  as  those  of  tho 
remaining  racemose  mucous  glaiids,  are  formed  of  «olid  masses  of  cells. 
I'he  salivary  glanda  seem  to  be  formed  on  an  ojialogous  plan  of  develop- 
ment, except  that  a  far  more  extensive  proliferatioB  of  the  cells  takes 
phice,  producing  roundish  aggregations  of  the  form  of  the  vesicles  of  the 
organ«  Tho  pancreas  commences  also  in  a  hollow  duplicatun^  whose 
clothing  of  cells  gives  rise  by  a  similar  process  to  tho  various  lobules  and 
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Tisielee  of  ihe  organ.     XI10  formation  of  the  lungs  b  carried  out  on  & 
aimüac  plan. 

17.  T^eYaaaels. 
|20L 

Of  a  special  vascular  tissue^  or  tissue  peculiar  to  vessels,  we  can  only 
speak  in  a  very  limited  sense.     The  most  internal  layer  alone  conaists 
everywhere  of  a  aeries  of  flattened  cella  of  a.  peculiar  kind,  cemented 
together  at  their  edges,  and   resembling  very  eloaely  epitheliunL     The 
walla  of  the  finest  and  moat  simple  tubes  are  composed  solely  of  thes© 
cells.     All  the  remaining  coats,  on  the  other  hand,  which  strengthen  the 
walls  by  being  laid  down  around  them  (and  they  are  seen  very  early)  are 
formet!  of  muscular  and  elastic  tissue,  of  fitructurea^  therefore,  to  which . 
we  have  already  given  our  coDsideration,     But  in  that  the  fine  tubes  with] 
their  simple  texture  are  continuous  through  the  most  gradual  tmnsitiona 
with  those  of  wider  gauge  and  more  complex  stmctnra,  a  general  glance^ 
at  the  hlööd-mmeh  and  lymphatiCB  will  be  found  useful 

It  is  well  known  that  the  canals 
of  the  vascular  system  are  classified^ 
into  those  which  convey  the  streamc  " 
blood  from  the  heart,  called  arlericMA 
those  which  collect  and  bring  back 
the  same  known  as  vehw^  and  those 
which  are  interposed  between  these 
two,  forming  a  syatom  of  fine  hair* 
Uke  tubes,  to  which  the  name  ö£j 
capillaries  has  been  applied, 
latter,  compared  with  the  merely  con- ' 
ducting  veins  and  arteries,  constitute 
the  most  important  part,  physiologi-* 
cally,  of  the  whole,  in  that  through ' 
their  delicate  walls  the  interchange 
of  matter  between  the  blood  and 
organic  fluids,  as  well  as  secretion » 
takes  place. 

The  capillary  vessels  present  for 
our  consideration,  as  a  rule,  a  wall 
r^uite  distinct  from  the  neighbour 
iiig  structures.  For  those  so  con* 
stituted  we  would  retain  the  name 
of  capiUarim,  In  other  and  rarer 
instances,  this  tube  containing  the 
blood  is  fused  with  the  a(|jacent 
tissues,  the  fluid,  as  it  were,  flowing 
through  grooved  passages,  in  which 
case  we  have  the  mptllary  cnnal. 
Finally,  recent  observations  seem  to 
teach  that  in  the  pulp  of  the  spleen 
the  tin  est  streams  of  blood  actually 
flow  through  membraneless  inter* 
s  ticca.  These  latter  are  known  oa 
eapillary  laeunm. 
Capillaries  of  the  smallest  calibre,  which  do  not,  however,  occur  in  aU 


Fig*  ^i^^.— Fine  btood-Tcweli  from  the  plm  miter 
^f  tb(i  huiniin  bmJD.  A,  &  unmll  brftntK» 
whTfh  ■divides  abave  into  two  d^hcata  captl^ 
Urict,  «^  bt,  and  whjürh  ctxisUta  b«1<iw  (d),  or  two 
funic»;  M,  a  «iitiUar  tube,  with  bmocbei;  C,  * 
Tvnijl  of  ffrewtiT  caJIbro,  wUh  ft  double  mem- 

■mBfed,    uid    the    externa!   (b),.  fti   irvll  ■» 
iDliriiiedlK«,  tnnif «Titt  odcJüI. 
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part«  of  the  body,  are  tubes  just  sufficientlj  lai^  to  permit  ihs  passage 
through  them  of  a  single  blood  corpuscle,  which  can  even  be  com  pressed  in 
its  course.  The  diameter  of  the  lumen  may  be  stated  coneeqiiently  at 
0'Q045-0  0068  mm.,  whilst  other  and  more  considerable  tube«  attain  a 
breadth  of  0'OU3  mm,  and  upwaids. 

These  canals  (355,  A,  B)  were  supposed,  until  Tery  recently,  to  bave 
an  extremely  simple  texture.  As  a  rule,  their  walls  are  periectly  trana- 
parent  and  stractureieäs,  and  endowed  with  remarkable  elasticity  and 
extensibiHtj.  Chemically,  they  resemble  the  sareolemma  of  muscle 
fibres  and  primitive  sheath  of  nerves,  displaying  a  considerable  power 
of  resisting  the  action  of  many  strong  reagents.  In  the  walls  of  these 
tubes  rounded  or  oval  nuclei  are  to  be  seen»  OOOfj  6-0 '0074  mm.  in 
diameter,  in  which  nucleoli  may  bo  remarked.  These  are  arranged 
irregularly  one  bebind  the  other  at  conaiilerable  intervale  {A,  «,  d,  B^  a), 
but  at  times  at  more  regular  distances  {A^  a,  B,  h).  In  larger  branches, 
measuring  perhaps  Ö"0113  mm.  and  upwards,  the  latter  arrangement  is 
the  rule ;  otherwise  the  structure  remains  the  same,  except  that  such 
tubes  may  attain  considerable  thickness,  amounting  to  O'OtllS  mm*  The 
long  axis  of  the  nuclei  corresponds  to  that  of  the  vessel ;  they  are  conse- 
quently said  to  be  longitudinally  omd  in  figure, 

§201 

This  view  just  mentioned  of  the  nature  of  the  walls  of  capilJaries  waa 
held  for  many  years  with  unquestioning  tenacity,  no  expedient  having  bb 
yet  been  hit  upon  by  which  the  structure  of  the  trans- 
parent nucleated  membrane  of  which  they  consist  could 
he  farther  resolved. 

However,  all  at  mice  the  analysis  of  structure  was 
accomplished  through  the  discoveries  of  Auerbach^ 
Ehertk^  and  Athfj  following  in  the  footsteps  of  HoytK 
From  them  we  learned  the  use  fulness  of  very  dilute 
solutions  of  nitrate  of  silver  in  rendering  visible»  in 
the  most  exquisite  manner,  the  delicate  contour  of 
cells  (whether  those  of  epithelium  or  smooth  muscle) 
in  the  form  of  dark  lines.  The  transparent  nucleated 
membrane  in  question  is  formed  of  flat  cells,  often 
peculiarly  bordered^  and  having  a  single  nucleus  (figs, 
356  and  357) ;  they  are  uDited  closely  with  one 
another  at  their  edges,  and  curved  towards  the  lumen 
of  the  vessel.  The  tube  thus  formexi  is  endowed, 
moreover,  with  vital  contractility  {StrkJcer). 

These  cells,  further,  extend  continuously  into  the 
more  considerable  and  even  the  largest  trutdcs,  though 
to  a  certain  extent  modiiiml.  This  may  easily  be  re- 
cognised* Here  they  were  known  even  to  the  earlier 
liistologists,  llieir  ct»ntour  l>eing  plainly  visible  without 
any  further  treatment.  They  were  described  as  the 
epitbidia  of  the  arterial,  veins,  and  cardiac  cavities 
(f  87),  and  we  may  add,  with  perfect  correctness,  for 
these  lining  cells  of  the  vascular  system  are  members 
of  the  cpithdium  group  of  the  middle  germinal  layer  (pp,  15ö,  159),  the 
cndtithdia  of  Hü.  Another  name  has  been  proposed  for  them  also  by 
Amrbackf  namely,  ptW^A^/mm,     It  may  be  found  more  convenient,  bow- 
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erefi  il,  for  the  f ature,  we  make  use  of  the  term  ptimarj^  vaseuiar  msm^ 

bmne  in  referrmg  to  tbia  cellular  tube. 

In  regard  to  the  celh  themselves^  they  are  presented  to  m  aceotding  to 

the  breadth  of  the  tube,  either  under  m 
moTQ  or  Icfli  fusiform  or  polygoaal  fonn. 

§^r^U?^ß^^  ^^^^  ^^^  variety  (%,  356),  boutidcsd  bj 

. l^^^kW^^^ ^  delicat«  serrated  or  uüdaiating  line^  ha^e 

a  length  of  0*0756-0 '097 7  mm,^  and 
breadth  of  0*0099-0*050  mm.  Such  ele- 
meuti  are  to  be  found  forming  the  walb 
of  the  tin  est  capillaries,  arranged  either 
parallel  to  the  axis  of  the  vessd,  or  mof« 
rarely  obliqiielj,  as  regards  the  latter.  In 
tranaverse  sections  of  the  vesiels  two  or 
three,  or  less  frequently  four  of  them,  may 
be  remarked. 

In  many  of  the  finest  vessels  portions 
of  the  tube  are  formed  of  one  single  cell 
alojie,  its  two  edges  meeting  around  the 
lumen.  Such  cases  may  be  found  among  the  capillaries  of  the  brain,  tlie 
retina^  the  muscles,  and  the  skin. 

Capillaries  of  larger  calibre  are  made  up  of  cells  of  the  second  vtmety. 
We  encounter  here  either  regular  polygons,  as,  for  instajicet  in  tlie 
chorio-capiUuris  of  the  cat  and  im  of  the  bird's  eye,  or  mom  in^gular 
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plates  (fig.  357)i  in  miiny  instances  giving  ofT  long  proceeseo.  In  the 
transTerse  section  of  the  vessel  we  may  have  two  or  four  of  these.  Jn 
»120  they  are  naturally  subject  to  great  variation,  and  may  attain  a  diameler 
at  certain  points  of  0*0 7 4 9-0  01 737  mm.     The  interdigitation  of  their 
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processes  presents  a  most  pectilkr  appeamiice  under  the  microscope.  Be- 
twden  these  cells,  however,  may  be  observed  a  greater  or  smaller  niiml>er 
of  foniidish  marki  of  varying  size,  sometimes  in  the  form  of  a  dark  spot 
(fig,  358,  a,  o)j  sometimes  in  that  of  a  ring  (ft). 

These  have  been  hitherto  held  by  many  to  be  preformed  openinga  or 
"  stomatd/^  and  to  account  for  the  exit  of  white  and  coloured  blood  cor- 
puscle« (p.  128), 

Th<3  recent  investigations  of  Arnold  also  have  confirmed  the  correctnesa 
of  this  view. 

Kow,  whilst  we  believe  that  in  many  parts  of  tlie  body  the  whole  of  the 
capillary  vessel  is  rcpreeented  in  this  cellular  tube  just  mentioned,  there 
are  some  localities  in  which  the  latter  i^  enveloped  in  a  delicate  homo- 
geneotiji  membrane,  probably  the  first  indication  of  the  tunica  iJitima. 
There  are  agiin  placea  in  which  the  surrounding  con0ective4issue  form» 
an  external  envelope  for  all  ciipillaries,  even  the  most  njinate, — in  fact, 
an  mlvenlitia  cctpiUariSf  which  may  be  regarded  as  equivalent  to  the 
tunica  ceUulma  of  latger  trunks.  Tliua  we  Jitid  the  capillaries  of  the 
brain  (fig.  359,  a)  enclosed  in  a  homogeneous  nucleated  membrane,  and 
those  of  lymphoid  organs  (/>)  closely  invested  in  reticular  connective 
substancefi*  Again,  other  more  considerable,  but  still  capiUary  ve^ela, 
may  be  enveloped  loosely  in  a  layer  of  connective-tissue  (^},  and  the  space 
thus  left  between  the  latter  and  the  vessel  may  serve  the  purpose  of  a 
lymphatic  parage.  We  ah  all  refer  again  to  these  hjmph  äheat)i$^  and 
only  stop  to  remark  here,  that  every  adventitial  tissue  of  a  blood-vessel 
containing  lymphoid  cells,  must  not  be  regarded  as  oue  of  the  latter. 
Another  circumstance  also  may  frequently  gtve  rim  to  the  deceptive  appear- 
ance of  such  a  sheathing,  namely,  that  a  blood-vessel  is  o^en  boundetl 
on  each  side  by  lymphatic  canals ;  this  is  most  commonly  seen  in 
uninjected  preparations. 

^ow,  although  in  those  case«  just  described  the  capillary  wall  is  easy 
of  recognition  in  it  own  individuality,  there  are  others  in  which  the  cells 
of  the  tube  become  so  intimately  united  with  the  adjacent  tissues,  that 
they  are  either  totally  inseparable  from  the  latter,  or  only  so  with  the 
help  of  the  stronger  reagents  dX  our  disposal,  although  treatment  with 
nitEite  of  silver  naturally  renders  them  visible.  This  is  the  texture  of 
the  capillary  canal  as  founds  for  instance,  in  the  yriev^rana  jmpiUaru  of 
the  festal  eye,  the  skin,  and  other  strong  fibrous  structures. 

§203, 

Passing  on  now  from  these  liner  forms  to  the  larger  trunks,  we  meet 
ftg&in  with  those  layers  already  known  to  us^  namely,  the  epilheliali  and 
the  intima  enveloping  it^  and  finally  the  externid  fibrous  coat.  The  latter 
ftppears  in  the  form  of  longitudinally  striated  connective-tiäsue,  with 
vertically  arranged  nuclei  or  connective-tissue  corpuscles. 

Very  soon,  however,  even  in  extremely  fine  trunks,  especially  as  wa 
pass  towards  the  artery,  between  the  two  internal  mt>mbranes  and  the 
external  coat,  a  thin  layer  of  transversely  arranged  contractile  fibre  cells 
may  be  observed,  whose  nuclei  wo  may  easily  detect.  The  latter  are 
•poken  of  aa  trün^vermhß  övaK  There  can  Ije  now  no  doubt  but  that  in 
ihla  we  have  before  us  the  first  rudiments  of  the  middle  or  muscular  coat 
of  Ih0  larger  trunks, 

On^  more  to  recapitulate  *  we  see  first  (a)  the  lay^r  of  Hattened  ccUa, 
then  (b)  the  longitudinally  streaked  internal  coat,  then  (e)  the  transverse 
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coiit  Of  not  The  second  layer  {d)  preaenti  itaelf  in  the  form  of  a  streaky 
fibrous  tissue  envelope  with  elongated  nudei  and  cfmneetive^tideue  cor- 
pUBcles. 

If  ive  compare  with  ihh  an  aH&rial  branch  (1),  we  find  flgain  the 
two  coat«  {b  BBtl  d)  just  described ;  but  between  the  inner  membranö 
and  outer  tuniu  of  coBnective-ti&iue  there  now  appears  a  layer  of  trans- 
vemely  arranged  contractile  fibre  cella  lying  side  by  sitie  {c)^  whose  eloogated 
nuclei  present  themselves  in  transverse  sections  of  the  vessel  as  encircling 
the  latter.  Thia  tunic  is  of  varyijig  strength.  In  other  artenal  twigs  it 
may  appear  with  greater  distinctness^  either  as  a  single  or  multiple  layer. 
]Fig.  361  represents  this  in  a  side  view,  and  fig.  359,  rf,  the  transverse 
section  of  a  small  artery  with  laminated  muscular  coat,  and  an  advetditiu 
consisting  of  reticular  connective-tissue.  The  epitlielinm  cells  are  narrower 
here  than  in  the  veins^  but  much  more  elongated  in  the  direction  of  the 
vessel  and  fusiform. 

§  204. 

Thus  far  ja  it  possible  to  subject  the  blood-vessel  as  a  whole  to  micro 
scopical  analysis.  Larger  tubes  must  be  examined  m  their  vanous  parts^ 
either  by  rending  the  walls,  peeling  olT  layers  with  a  ffvrcepa^  the  vessel 
having  been  slit  up,  or  by  preparing  sections  of  the  previously  dried  or 
hardened  walL 

The  further  changes  from  the  next  in  order  to  those  occurring  in  the 
formation  of  the  largest  vessels,  consist  in  this^  that  all  the  layers,  with 
the  exception  of  that  formed  of  endothelial  cells,  which  remains  single, 
comraenc«  to  become  more  and  more  laminated,  especially  the  in  tern  al 
and  middle,  thus  collectively  bringing  about  an  increase  in  the  whole 
thickness  of  the  vessels.  The  internal  strata  preserve  in  their  systems  of 
memhranes  arranged  in  laminae  one  over  the -other  their  elastic  character^ 
presenting  every  variety  of  elastic  tissue  in  longitudinal  arrangement. 
The  middle  coat  is  transformed  into  a  system  of  Lam  ins;  of  smooth  muscle 
fibres^  connective  and  elastic  tissue,  with  a  transvenie  direction.  The 
external  tunic,  finally,  becomes  thicker  and  thicker  in  its  connective  sub^ 
stance  with  an  ever  increasing  developme^  of  elastic  networks«  Fig. 
362  represents  at  (1)  the  umbilical  artery  of  a  foetus  of  eight  months  old 
in  tnansverse  section,  and  at  (2)  a  large  artery  from  the  adult  similarly 
cut,  and  givea  us  for  the  present  an  idea  of  the  arTaiigement  of  parts  in 
question.  The  distinction  between  the  diflerent  coats  becomes,  however, 
leas  and  less  apparent  at  the  same  time*  We  must,  however^  bear  in 
mind  that  the  coats  of  veins  are  thinner  than  those  of  arteries  of  corra> 
sponding  cafibre,  a  circumstance  which  depemls  upon  tht;  minor  develop^ 
meni  in  them  of  the  middle  tunic.  Ilie  endothelial  cells  of  venous 
vessels  preserve  everywhere  the  samo  short  broad  figure  already  men- 
tioned in  the  foregoing  §, 

Small  tminSf  merely  higher  grades  of  development  of  such  a  vessel  as 
that  represented  in  fig.  3G0  (2),  commence  much  later  to  acquire  a  muscular 
layer  than  arteries  of  the  same  magnitude.  A  venous  vessel,  for  instance, 
of  0 '2 3  mm.  in  diameter  oflfers  for  our  consideration  an  internal  membrane 
in  wliich  may  he  observed  elastic  longitudinal  interlacements^  a  few 
lamineo  of  muscle-fihres  in  the  middle  coat,  intermixed  with  elastic  net- 
works and  layers  of  connective^ tissue,  and,  fiually,  an  external  thicker 
coat,  formed  of  fibril lati^d  connective- tissue  and  elastic  fibres. 

In  medium-nized  veins- the  internal  coat  consists  of  either  one  or  several 
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lamini»,  longitudinally  stredced  and  studded  with  nuclei  and  fnaifarni 
cells,  and  a  stnttum  of  elastic  membmnea  and  tlbroui  networks  armng 
longiindmally,  between  which  the  elements  of  smooth  muscle  may  eveal 
be  insinuated.     The  middle  tunic  is  formed  of  obliquely-crosaed  librous 

tissue^    with     elastic    networks, 
whose  fibres  take  the  same  dir 
tion,  and  also  of  unatriped  muaela| 
ceUa,     Between    these  there  sf 
pear,  bowever,  e!  as  tie  membrane», 
whose  fibres  toaintain  a  longitu- 
dinal courae.     The  middle  layer^ 
of  vessels  of  this  kind   is,   aa 
rule,  much  weaker  than  that  of  ' 
arteries^  but  is  ricli  in  muscular 
elements.      The  strong   eittemaL 
coat  is  formed  of  connect) ve-tisnufl" 
with  elastic  interlacements.   Vn* 
siriped  muscle  may,  however,  nJso 
occur 

The  lartjf^d  veins  of  all,  finally, ' 
present  a  similar  arrangement  of 
their  internal  laminse,  except , 
that  the  latter  have  no  unistrifjcd  j 
muscle  fibres,  while  the  middle 
layer  remains  comparatively  un- 
ci evclopeil,  or  may  in  rare  cases 
lie  entirely  absent.  The  muscle 
elements  of  the  latter  when  pre* 
sent  are  scanty,  and  aeeoinpanied 
by  abundant  connective- tissue, 
whose  fibras  are  obliquL*ly  ar* 
ranged.  Elastic  fibrous  networks 
of  longitudlfial  direction  are  also 
present  itilL  A  strange  pecu^ 
liarity  has  been  remarked  here 
in  the  iL^ually  strongly  developed 
external  layer  of  many  veiiis« 
namely*  the  occurrence  of  a  luge 
amount  of  lougitndinalty  armnged 
muscle,  which  generally  m^ciiplet 
the  internal  portion  of  the  former 
in  varying  stnmgth  r  it  is  miied 
with  fibres  of  connective -ti^ue 
taking  an  oblique  Course.  There 
are  certain  veins^  indeed,  which 
show  an  excessive  development 
of  these  muscular  elemanls,  as, 
for  instance,  those  of  the  pfeg* 
nant  uterus;  in  others  tliej  trt 
oiitirely  absent,  as  in  the  sinuses  of  the  dura  mater. 

The  valves  of  veins,  which  are  covered  with  endotliellum,  consist  mainly 
of  connective-tissue  interspersed  with  elastic  fibres. 

In  mnall  arteries  the  internal  and  external  layers  remain  corapamtively 
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1^1  (T,  36?,— Trrnirrcrie  i|itciii:9nii  of  urlcriciu  1.  The 
omtikMraJ  of  «  htumnn  fcntus  plHrht  tnonihi  old.  d. 
DpJtheUiim;  t.  tajcr»  of  the  inlvmal  cnat :  c^  the 
muscular  Iwjem  of  ihe  fntddl«  eo«t  without  »ny 
IfittsrtniKlttrMoT  elJuUc  rlcmpnra;  d.  fxiemhl  i^currr- 
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ttnehangei].  Tlie  former,  liowever,  may  frequeiitly  actiuire  the  chatucters  of 
a  reticular  elastic  tunic,  owiug  to  im-ipient  absorption  at  certain  puints ; 
tbift  b  the  Bo-called  ftnestraied  meniTbi-aue  (§  1:27).  Condenatttion  ma}* 
alio  lead  to  the  formation  of  an  elastic  network  ätretched  in  the  direction 
of  the  axis  of  the  ves&eL  The  middle  layer  consistft  of  several  stratii 
of  trausverse  uualriped  muscle-fibnea,  laid  ono  over  the  other.  In  the 
outer^  finally,  the  conuective-tigrsue  becomes  tibrillated,  and  thu  corpiisck-s 
of  the  latter  unite  to  form  fin©  elastie  fibrous  networks. 

We  must  \m  permitted  here  to  refer,  in  a  few  words,  to  the  umUlkal 
urttfim  (fig,  362,  1),  lliese  are  remarkable  for  tha  extraordinary 
development  of  tlteir  mmcular  middle  coat  (e).  As  tunka  advenfiHa  we 
find  (d)  a  reticuUr  connective  su balance,  already  seen  in  the  gelatin  of 
iVhartoH  {\K  191).  The  arteries  of  the  ovaries  likewise  have  yi^ry  strong 
muscular  tunica.  The  latter  may  attain  an  enormous  pitch  of  develoj*- 
men t  in  the  branches  supplying  the  so-called  corpus  luteum. 

Trunks  of  wore  coimdtrahh  magnitude,  of  about  2  mm»  in  diameter,  for 
iu^iance,  show  in  their  internal  coat  an  increase  of  elastic  tissue^  in  addition 
to  which  longitudinally  striated  layers  may  occur«  There  are  likewise  inter- 
posed between  the  greatly  thickened  laminae  of  muscki  fibres  imperfectly 
developed  membranes  of  elaatic  nature,  with  webs  of  elastic  fibres  holding 
AH  oblique  course ;  the  latter  attain  also^  in  the  outer  tuuic,  a  high  pitcli  of 
development.  In  vessels  of  larger  diameter  still  these  elastic  networks  are 
developed  more  and  more,  especially  internally,  towards  the  tun  tea  media. 

Turning  now^  finidly,  to  the  Itirgmi  arttrial  trunks  of  the  body  (fig, 
362,  2),  we  find,  in  the  first  place,  that  the  internal  layer  (fi)  has  increased 
in  ihiekness  by  multiplication  of  its  elastic  laminee.  These  latter  present 
themselves,  in  keeping  with  the  variability  of  elastic  tissne«  either  in  the 
form  of  membranes  or  of  membranous  networks  stretched  in  the  long 
axis  of  the  vessel,  or  again  as  fenestrated  coats»  More  iuternally,  close  to 
the  epithelial  layer,  may  be  seen  laminae,  either  homogeneous  or  longitu- 
dinally striatedf  in  which,  as  for  instance  in  the  ascending  aorta,  networks 
of  stellate  cells  exist,  lying  one  over  the  other,  as  waa  discovered  by 
Ijamjhans  and  confirmed  by  Ebner.  In  the  middle  coat  (d,  e)  the  mem 
branoufl  eharacter  of  the  obliquely  running  elastic  webs  becomes  more  and 
more  marked.  The  latter  may  be  very  thick,  or,  again,  fine  and  delicate, 
nnd  the  whole  present  a  fenestrated  appearance,  owing  to  absorption  of 
the  interstitial  connecting  substance.  As  a  rule,  these  membranous  elastic 
l«yerfl,  whose  number  may  amount  to  from  thirty  to  fifty  and  upwards, 
are  interleaved  with  tolerable  regularity  with  the  lamina!  of  the  muscular 
substance  (e).  The  latter  preseuta  itself  in  varying  decrees  of  perfectnesa, 
ftnd  is  frequently  but  sMghtly  developed,  which  may  depend  upon  the  high 
degree  of  development  of  the  elastic  intermediate  layers :  ita  direetion,  like- 
wise, is  by  no  means  always  the  same.  In  the  outer  portions  of  the  mid  die 
innic  tibrillated  connective-tissue  is  also  to  be  found  {8ch  idtzep  vim  EhnerX 
In  the  most  external  coat  (^7)  the  elastic  networks  are  frequently  more  and 
mors  Btrongly  marked  at  its  inner  portion  (/),  so  that  among  th«  kiger 
tnammals,  as,  for  instance,  in  the  whale,  they  furnish  one  of  the  strongest 
examples  of  elastic  tissue  that  can  be  met  with.  As  an  exception^  smooth 
mtiscle  m^y  also  make  its  appearance  in  the  internal  coat  of  human 
arteries.  Corresponding  muscle  elemsnts  to  those  we  have  described  as 
occurring  in  the  external  layers  of  the  veins  appear  to  be  entirely  absent 
in  the  arteries  of  the  human  body. 

Commencing  even  in  the  smaller  twigs,  tbe  blood-vessels  are  supplied 
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with  aiteriee  for  the  nutrition  of  their  walla.  These  are  known  fts  the 
oasa  pawrum,  aud  ate  distributed,  for  the  most  part,  to  the  middle  and 
external  coats,  and  egpecially  to  the  latter,  in  which  they  are  tolerably 
numerous*  They  are  here  arranged  like  those  of  formless  connective^ 
tissue,  except  that  they  form  narrower  meshes.  Later  on  they  appear  in 
the  middle  layer,  where  they  bave  been  seen  in  j 
arteries  to  form  vascular  networks  of  fine  tubes, 
with  elongated  oblique  meahe«  (Gerlmh), 

The  fierves  of  arteries  derived  from  the  sympa- 
thetic and  cerebro-fipinaJ  system  ai-e  iiistributed  ill 
the  larger  trunks  to  the  middle  and  estternal  tunica 
As  a  rule,  the  arteries  seem  to  be  richer  in  nerrae^  ' 
on  account  of  their  thicker  middle  layer,  than  th© 
veins,  but  the  greatest  variety  exists  in  this  respect. 
All  that  is  necesiiary  has  already  been  remarked  in 
respect  to  the  termination  of  the  nerves  of  vessek  i 
in  §  183, 

§205, 

We  mus   now  turn  to  the  more  careful  considera- 
tion of  the  capiUarks  as  to  the  most  important 

subdivision  of  the  vascular  system. 

We  Ijave  already  seen  that  no  sharp  boundary 
can  be  drawn  between  these  vessela  and  the  arteries 
and  veins,  in  that  the  most  imperceptible  transition 
exists  from  on©  to  the  other.  But  one  thing  is  char- 
actenstie  in  the  capillaries,  namely,  that  their  tubes 
no  longer  decrease  in  calibre  from  the  giving  off  of 
branches,  and  that  they  form  among  tbemAelves,  in 
the  various  orj^ns  supplied  by  them,  networks  of 
tolerably  regular  siza  and  shape  (fig.  363,  e,  d)* 
Hlo  diameter  of  the  vessels  so  connected  is,  how* 
ever,  by  no  nieans  the  same  tn  the  various  organSi 
and  the  ßnest  are  not  presented  to  us  iu  every  locality.  Tlie  brain  Mkd 
retina  pos^^ss  the  most  delicate.    Their  trans  verse  diameter  in  these  orgstm 

may  be  stated  at  0  00 G 8- 0  0065  mm., 
or»  in  some  cases,  even  so  low  as 
0-0056  n^m«  In  muscle  they  appttfi 
to  be  somewhat  larger,  measttrinff 
0*007*  mm.  Those  of  the  conneo- 
tive-tissue  of  the  skin  and  mucona 
membranes,  again ,  nm  still  Iirger.  In 
most  glands^  as,  for  instance,  the  Imr^ 
kidneys,  and  lunge^  the  diAmeter  of  * 
he  capillaries  Hes  between  0'0091 
Mid  0  0135  mm.  The  largest  of  all 
vessels  of  this  kind  are  to  he  found 
in  bony  tissue,  where  they  mea;iiiiB  u 
high  as  0  0226  mm.  It  must  be 
borne  in  mind,  however,  tlmt,  owing 
to  the  elasticity  of  the  capillary  tnbi% 
and  its  variation  in  diameter  according  to  the  amount  of  blood  contained 
m  it|  these  meaaurenaents  can  only  be  regarded  as  approximate. 
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fig*  304.. — A  puliatjrnu-v  Al^eoloji  tt&m  the  calf. 
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In  other  veirtebimtefi,  likewise  ike  mm  of  tLe  capilkrten  must  1^  grmter 

to corresp and  w i th  tbe  larger  d in- 

ineter  of  the  bh>od  corpuscles, 
Tmjühing  now  the  diataoces 

between    the    tubes,    and    the 
I  greater  or  leas  vascularity  of  a 

pari    dupendin^    thereon,    the 

most  remarkable    variety    pre- 

vaila.  The  lungs,  the  glands,  the 

mueoua  membranes,  and  the  sküi 

are  the  most  vascular  of  all  struc- 

tujes ;  whtlät  other  parts^  such 

Off  the  seroua  and  Übroua  mem- 

branflfl  and  the  uervous  trunk a^ 

ftre  very  poor  in  vessels.     The 

VaBciüar  networks  of  the  lungs 

(3g,    364)   and   of   tbe   retma 

(tig.     h3G5)     alibrd     examples, 

slÜiodgh  the  latter  membrane 

eaunot    be    reckoned     among 

those  poorest  in  blood  in  the 

body. 

Finally,  we  know  of  tissues 

which  contain  no  blootf-vessels, 

sucli  aa   the   cornea,  the   lens 

cartilage,  the  epithelial  structures,  and  naiJs. 

owing  to  the  minuteness  of  the 

elements  of  form,  only  consider^ 

able  groups  of  the  latter  can  be 

»urronnded  by  tbe  capillary  net- 
works in  organs  with   a  small 
^  Amount  of  vascularity.   But  even 

in  those  parts  most  abundantly 

f applied  with  blood  the  capillary 

tube  always  lies  e^tternal  to  the 

elementary  structure,  and  never 

penetrates  into  the  interior;  at 

the  very  most^  is  ea^h  individual 

form  element  surrounded  with  a 

single  loop,  as  in    the   case   of 

the  fat  cell  ({  122)  and  muscle 

fibr^  ($  168).     The  forms  under 

which  capillary  networks  pre- 
sent themselves  are  very  nume- 
rous, and  at  the  same  time  fre- 
quently so  characteristic  of  the 

various  parts  to  which  they  be- 
long, that  the  practised  eye  can 

ol^n  recognise  an  organ  from  a 

section  of  its  substance  which 

has  been  injected« 

These  forms  are  chiefly  deter- 
mined by  the  texture  of  the  part  and  the  grouping  of  its  structural  ©lenients. 


Fig.  3S&.— Veiseli  from  th*  hmnni  rattn**    e,  »rlwltl 
h,  &ipl\Ury  network;  e;  venom  twig» 

It  is  easy  to  conctive  that, 
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¥\g,  SSS. — Vvwrlfl  from  aUmt  f nt  clU     A,  Vk  iTtttlat 
twlB  At  a,  tDEl  vpttun«  m  b,  vlitn  roond  upnitrr 
network  Qf  A  f«t  gSribtüc.    E,  t)ie  cftt>llli.ri7»  of  ti 
tn6  ««111  o!  tlie  IfltUTr 


B^  t)ie  cftpillariT»  of  tkTKH 
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Fljf*  »lÖL— Glomenilm  froin   a  jil**i  kidney 

the  twte  ■uppJjrkTig  rtiB  ^nvolutlnn;  f^  f^Ut- 

network  emptying  iticK  into  ft  rcnou  Iwlg 
tt  1^;  Ai,  uriuuir  lubult^ 


It  ia  easj  to  conceive  also  tliQt  each  form  of  network  mtiy  umke  its 
appeamnce  with  ever  so  many  different  modificationa. 

On  account,  for  instance,  of  the  Rarrowneei  of  the  space  m  such  conical 
protuberances  m  tlio  sensitive  papillm  of  the  skin  and  papilhe  of  the  mucous 
membraneSp  regular  ojpiliarff  hops^  m  they  ar©  called,  may  he  forme*! 
(%  368).  Again,  if  the^e  cones  attain  much  greater  diniendons,  aa  iu 
the  villi  of  the  small  intestines,  an  an-angenient  of  capiUaries  m  broiight 
about  which  is  known  under  the  name  of  the  Imp  nctwurl\  a  further 
complication  of  the  former.  Tn  thiü 
caae  we  aee,  passing  between  the  two 
or  more  principal  vessels  of  the  aiing, 
a  finer  eet  of  tubes  holding  a  trans- 
verse course  (fig.  3C9,  I), 

Finally,  in  this  sketch  may  he  in- 
cluded the  glomerulus  as  it  ia  called , 
of  the  kidney,  an  arrangement  of 
vessels  peculiar  to,  and  characteristic 
of,  that  organ  (fig.  370).  Here  we  find 
a  minute  arterial  twig  {h)^  micro- 
scopically small  indeed,  suddenly 
curled  upon  itself  in  a  manner 
sifnibr  to  the  infenor  portion  of  a 
sweat  gland  (c).  Within  the  eon- 
volntion  it  may  divide  into  branchea 
to  a  certaiu  extent,  as  in  man  and  the 
mamnialia,  or  remain  single^  after 
which  an  eflerent  vessel  makes  \Xs  appearance  {d)^  which  ftt  ft  short 
distance  from  the  glomömlus  is  resolved  into  a  capillary  network  (ff ), 

§  206. 

The  hjmphaiic  m/stem  h  an  appendage  of  the  circulatory»  designed  to 
bear  liack  into  tlie  blood  those  nutritive  fluids,  impregnated  with  the  pro- 
ducts of  decompijsition  of  the  tissues,  which  have  transuded  into  the  inter- 
stices of  organs  from  the  capillaries  It  likewise  takes  up,  during  the 
period  of  digestion,  by  means  of  its  ladials  terminating  in  the  mucous 
membmne  of  the  small  int^tine,  that  fluid  known  as  ehyle,  which  has 
been  already  referred  to  {p.  131).  Owing  to  the  fact,  therefore,  that  the 
lymphatic  system  is  only  destined  for  the  conveyance  of  these  matters 
into  the  circulation,  it  is  entirely  wanting  in  ves&els  corresponding  to  the 
arteries.  It  consists  rather  of  a  set  of  vessels  correspiuding  to  the 
capillary  part  of  the  circulation,  and  oi'  drainage  tubes  taking  their  rise 
from  those  wdiich  may  be  compared  to  the  veini*. 

Lymphatic  vessels  are  widely  distributed  throughout  the  body,  but 
occur  most  abundantly  in  vascular  parts.  They  have^  however»  been 
misseil  up  to  the  present  in  certain  portions  of  the  body  weU  supplied  with 
blood.  They  ate  not  found  in  such  non-vascrdar  tissues  as  the  epidermis, 
nails,  and  cartilagies. 

The  mode  of  origin  of  lymphatics  was  for  a  long  time  veiled  in  the 
deepest  obscurity,  uwing  to  the  fuct  that  the  nunierousj  valves  of  the 
larger  tfunks  offered  the  most  determined  resistance  to  injection^  and  thai 
the  colourless  nature  of  the  contents  of  the  finer  tulwis  rendered  their 
immediate-  recognition  almost  impossible.  Further,  it  is  only  certain 
ipedally  transparent  parts  that  allow  of  the  latter  being  seen  at  all.    That 
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portion  of  the  system  presiding  over  the  abaorptloii  of  tlie  chyle  ia,  bow- 
ever,  on  account  of  iU  dürk  fatty  contents  during  digestion,  mofe  fftrocir- 

ablo  for  obaervatiati,  aiid  was  in  Ikct 
the  only  point,  a  few  years  ago,  ai 
which  the  relatioua  of  the  vasseb  in 
question  could  be  studied  with  any 
successt 

In  the  first  place,  then,  let  ua  tak« 
a  glance  at  the  lacteols. 

I£  we  choose  for  ejiami nation  the 
intestinal  villi  of  a  mammal  which 
has  been  fed  some  hours  before  with 
rich  fatty  ftiod,  such  as  that  of  a  young 
sucking  animal  (fig,  37 1)»  which  best 
answers  our  purpose,  we  shall  aeSt  u^ 
the  central  portion  of  each  villus  traver»- 
iug  its  axis,  a  passage  filled  with 
minute  fatty  molecules,  and  dark  on 
that  account.  This  duct  fre(|ueiitly 
lermiüates  in  a  rounded  enlargement  or  bulb,  and  is  usually  single  in 
slender  villi,  although  ia  instances  in  which  the  latter  are  hroftder  it 
has  been  seen  to  be  double,  treble,  or  quadruple. 

Miuutely  examined,  this  vessel  (fig.  ST 2,  d),  which  has  a  diameter  of 
O'Dl 87-0^902  mm.,  is  seen  to  possess  a  thin 
homogeneous,  but  distinct  waU.  Above^  it  Ur- 
minatee  blind^  without  the  interposition  of  any 
Ener  system  of  canals,  and  may  be  expanded  ai 
its  end  to  a  diameter  of  0^0300  mm.  in  Bome 
cases.  This  axial  vessel  has  been  supposed  by 
some  to  be  merely  a  deficiency  in  the  connective- 
tissue  substance  of  the  villus,  but  thia  ia  incor- 
rect Years  ago  I  had  frequently  met  with  the 
villus  half  torn  through ^  and  the  uninjured  wall 
of  the  axial  canal  thus  isolated.  The  results  of 
artificial  injection  (§  208)  have  since  corrobo- 
rated this  explanation  of  its  natuf»^  Arouud 
this  chyle  radiide  the  capillaries  of  the  loop  net* 
work  (b)^  mentionecl  in  section  205,  are  coiled 
with  a  thin  layer  of  unstriped  muscle^cells  intiir- 
posed  :  a  fact  of  great  interest. 

Lymphatic  radicles  were  observed  also,  manjj 
years  ago,  by  Koeiliker  in  the  tail  of  the  tadpole,  i 
Their  appearance  as  they  occur  here  is  very  ^ 
variable.  They  most  usually  present  theniselvea, 
however,  in  the  form  of  tubea  much  finer  tharj 
in  the  preceding  case,  measuring  in  diameter 
0'0045-0  0113  mm.,  and  consisting  of  a  thin 
homogeneous  wail,  which  is  nucleated  and  stud- 
ded with  a  multitude  of  minute  saccules. 

They  are  arrangetl  as  a  whole  in  the  form  of  a  tree,  with  branches  paasir 
olfat  acute  anglea,  and  do  not  present  the  reticulated  appearance  of  the  hla 
eapiilanea.    The  terminal  tubules  seem  to  end  in  delicate  filiform  proceeiaflpi 
directed  towards  iimilar  ram  ideations  belonging  to  steUate  formatiTe  ceUa. 
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Thut  difficulty  of  filling  the  pAripheml  portioiiB  of  lymphatici  owing  to 
their  valves,  already  mentioned  in  the  preceding  aectiön,  w©  have  recently 
learned  '  ... 

lowing 

employed,  known  as  IhjrtFa 
method  of  puncture  r^ — A  fine 
cannula  is  passed  into  such  part« 
m  are  supposed  to  .contain  lym- 
phiitics^  and  through  thia  the 
injection  fluid  is  gently  forced. 
The  extensive  researched  of  ^^^  ^^ 
Tdehmann  have  greatly  in- 
creased  otir  knowledge  o^  re- 
gards thig  brancli  of  study,  Im- 
iide  which  other  contributions 
have  lieen  made  by  Ludwig  and 
his  pupils,  Tomm,  ZmcaryM^i, 
and  MatGitlavnjy  as  well  as  by  His^  Frey,  Langer, 

As  far  m  is  known  at  present,  the  mdicaJs  of  absorbent«,  the  peripheral 
lymphatic  equals,  occupy  the  io- 
terstitial  connective-tissue  of  the 
various  organs,  or  are  at  least 
always  eltiiated  in  its  course. 

They  are  seen  here  either  in 
the  form  of  network«,  reminding 
us  of  the  peripheral  portions  of 
the  circulation,  or  they  hegin  in 
blind  passages  which  are  sub- 
sequently united  in  a  reticular 
manner. 

The  iirst  form  is  met  with,  in 
general,  where  the  surfa<^o  of  an 
o^an  is  smooth^  or  in  the  in- 
terior of  the  latter  (figs,  373» 
374,  375,  377) ;  the  second  in 
parts  of  the  body  where  the  sui- 
face  is  covered  by*  round  or 
tufted  appendages  (tigs.  371, 
376). 

The  arrangement  of  the  canals,  however,  iti  the  various  regions  of  Ihe 
body  is  variable  enough»  and  we  miss  everywhere  that  heuuiiful  regularity 
t0  be  seen  among  the  capillaries  of  the  blooc!- vessels. 

The  diameter  of  lymphatic  canals  is  in  general  much  nmro  considemble 
than  that  of  the  capillaries,  ranging  from  0  0113  to  0'045L  Only  for 
»hört  distances,  however,  do  they  presence  anything  like  the  same  diameter 
of  lumen.  As  a  rule,  these  vessels  preisen t  strong  dilatations  an<l  sudden 
constrictions,  down  to  about  0  0027  mm.  and  leas ;  and  so  on.  The 
whole  may  present  frequently  a  j^ggcil  or  knotted  appearance,  difii' 
cult  of  description  (fig.  373,  374),  but  which  to  a  practised  eye  is  unmis- 
takable. 

The  amount  of  lymphatic  vessels  varies  in  the  d  Liferent  organs^  and 
25 
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transition  of  one  into  the  other  takes  place  mowberei  nettber  «jireed/  fior 
irith  the  iaterpoöition  of  fine  tubulea. 

In  nmn  J  instftDe^  we  may 
»00  lymph  cmiAls  surrounded 
externally  by  capillaiiea  (fig. 
a?  2,  376),  In  other 
tuhes  of  biith  kinds  run,  with 
greater  or  less  regulürity»  side 
by  »ide  {i\g.  377), 

Finally^  a  stream  of  lymph 
may  b«  taken  up  by  the  td* 
ventitia  of  a  blood-vessel,  en- 
veloping the  latter  as  with 
a  aheath  (fig.  376^  e).  Thua 
wo  Bee  that  the  arrangement 
of  the  structures  in  qneetion 
is  very  varlouBL 

A  few  motnents  must  now  be  devoted  to  the  consideration  of  that 
e II sheathing  of  blood -Tessela  in  lymph  streams  which  has  just  been  men- 
tioned. 

It  has  been  the  custom  to  speak  of  this  a^t  of  frequent  oeeurrence 
among  the  lower  orders  of  vertebrates,  such  as  reptile^s.  It  has  het*n 
denied,  however«  that  it  takes  place  at  all  in  the  frog  by  Langer^  who  has 
given  the  matter  bis  closest  attention.  In  the  higher  ani mala  and  in  man 
it  may  appear,  without,  however,  being  anything  but  an  accidental 
occurrence,  except,  perhaps,  in  particular  jiortionfi  of  the  body. 

We  have  rßüenity  learned  from  Hw  that  tlie  blood- vessels  of  the 
nervous  oentrea,  the  brain  and  spinal  uortJ,  are  loosely  enveloped  in  a 
sheath  of  streaked  connective- tissue  in  a  vast  number  of  eases.  This 
ftrmngement  of  parts  is  seen  am.ong  arteries,  vcins^  and  capill&ries  aiiket 
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and  has  b^n  named  by  HU  the  penvmetdar  canal  system.  This  observer 
18  inclined  to  legarct  it  as  beloiigitig  to  the  lymphatic  ajstem,  in  whicb 
he  is  perhaps  right.  The  merit  of  hflvmg  tirst  discovered  this  re^ts, 
however,  with  Robin^  who,  several  years  previously,  had  maintained  the 
preaeuee  of  lymph  sheaths  around  the  captHnries  of  the  parts  ia  quastion. 

5  208. 

HÄving  discussed  the  disposal  of  the  lymphatics,  let  us  now  tum  to 
the  conBideration  ot  the  nature  of  their  peripheral  portions,  a  point  of 
great  importance. 

Are  they,  in  the  first  plice,  vei«sels,^ — that  is,  endowed  with  a  special 
wall  like  that  of  blood  capillaries  1 

This  has  recently  hcen  declared  to  he  the  case  by  Ttidimtmn  (1),  after 
the  ntost  extensive  reactirchcs,  aided 
by  injections,  and  alüo  hy  KoelUker^ 
who  investigated  the  matter  in  the 
UiJ  of  tliB  tadpole  (g  206). 

Another  view,  which  has  found 
numerous  defenders  within  the  last 
few  years,  is,  however,  directly  op- 
posed to  this.  According  to  it,  the 
[>eripher?d  cipcalatton  is  only  lacunal, 
i.^.j  takes  place  within  the  interstices 
o  f  con  nec^ti  ve  -  tissue  ( 2 )  { Brücke , 
Leyditj,  His,  Ludttig).  For  my  own 
part,  I  have  for  many  years  looked 
upon  the  lymphatit^s  as  hounded  alone 
by  connective- tissue,  which  is,  how- 
ever, condeneed  and  memhranoua, 
and  encloses  the  space  completely, 
playing  the  part  of  a  sheath.  Indeed,  it  was  impoasible,  until  very  recently, 
to  make  ont  anything  but  a  homogeneous  boundary  layer  around  the 
lymphatic  ptissage  (fig,  378,  h). 

By  means  of  the  new  reageut,  however,  dilute  solution  of  nttraie  of 
aüver,  this  apparently  homogeneous  limiting  layer  of  connective- tissue  has 
beun  rtssolved  into  a  series  of  united,  smooth, 
and  nucleated  cells  or  endothelia,  allied  trj 
those  Qf  the  blood- vessels  {iig.  379). 

But  while  in  the  blood  cspiliaries  this  wall 
maintains  its  independeaco  in  regard  to  the 
adjacent  tissue,  it  fuses  here  with  the  latt*'r, 
p**  that  only  as  an  exception,  and  where  the 
«irrrounding  substance  is  of  loose  texture,  can 
H  ho  isolated. 

The  peripheral  lymphatic«,  whose  structure 
in  represefjted  in  fig*  380,  are,  according  to 
this,  in  contrast  to  tlie  blood-vessels,  by  no 
means  regular  vessels,  but  canals  (p,  S72). 
In  the  histnientioned  woodcut,  also,  we  866 
that  here,  as  in  tlie  blood-vessels,  gaps  or 
dotiiatii  crccur  hetweeu  the  cells. 

A  communication  between  the  lymphatic  system  and  the  cavities  of 
«erous  sacs,  namely,  of  the  peritoneum  and  pleural  hy  means  of  orifices 
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Opening  iüto  the  former,  liaa  been  recognised  within  the  last  few  years  hy 
MecMimjkau8m,  Ludwig,  Dt/hkow^kt/,  Bdiweig</ef- 
Seiddf  and  Dogkl^  corroborating  tho  suppositions 
of  the  oider  observers,  as,  for  instance,  those  of 
Mtumgni. 

Uteklinghauscn  waa  the  first  tu  point  out  that 
the  cetitnJTfi  tendinann  of  the  rabbit's  diaphragm 
ia  Btudded  with  openings  whose  diameter  exceeda 
that  of  the  red  blood-cells,  ^nd  through  wbich 
formed  particles,  sueh  as  milk  globules  and  granulca 
of  cinnabar,  can  make  their  entry,  passing  into 
the  ly m ph atics  o  1"  the  d  iaphra^ru .  This  in tereati n q 
discovery  has  been  confirmed  by  Schiieiggcr-Seidä 
undLudwig^  in  respect  to  the  locality  mentioned,  and 
Dybköiüsky  observed  the  orifices  in  question  in  the 
intercostal  pleura  of  the  dog,  and  Schim^ger-Seidel 
and  Doglfl  in  the  peritoneum  of  the  frof».  The  fact  was  also  recognised 
that  the  lymphatic  vessels  of  serous  membranes  give  off  eh  ort  lateral 
processes  in  tlie  direction  of  the  surface  {fig.  381,  2,  h)y  which  are  seen 

to  open  into  the  cavities,  spokeo  of  by 
orifices,  situated  between  the  epithelial 
colls  [fig.  SSI,  1  and  3,  a,  a  (3)], 

Turning  now  from  these  finest  lymph- 
atic passages  to  the  larger  canabf  we 
observe  that  the  latter  have  at  the  com- 
mencement a  precisely  similar  texture, 
while  their  arrangement  varies  to  a  great 
extent,  being  frequently  retiform  (fig, 
382).  Here  also  the  walls  are  formed 
of  nucleated  cells  alone.  The  occurrence 
of  scattered  nodal  and  ampullar  enlarge- 
meats  is  the  first  striking  feature  in 
regard  to  these  canals  while  still  of 
medium  sis^a  In  larger  trunks  ibe 
former  are  more  frequently  to  be  seen, 
in  addition  to  which  valves  similar  to 
those  of  veins  also  present  themselves. 

It  is  only  trunks  of  tbis  kind  that 
can  with  perfect  correctness  be  CiUled 
lymjihaiic  vessel«.  In  them  at  times 
(however^  in  smaller  branches  also),  thi^ 
walls  commence  to  become  miir«  and 
more  independent,  and  to  appe-ar  distinct 
from  the  surrounding  tissues.  Here  abo 
the  relation  to  the  blood-vessels  is  vejy 
different  As  a  rule,  to  be  sure,  lymphatic 
and  blood-vessels  run  along  side  by  side^ 
but  nut  very  rarely  we  encounter  larger 
lymphatics  accompanying  a  great  arterial  branch  in  pairs.  They  event* 
ually  may  lead  to  an  ensheathing  of  the  blood-vessel  in  a  lymph  stream, 
but  the  latter  is  of  less  frequent  occurrence  than  is  usually  supposad. 

The  appearance  of  new  external  layers  in  addition  to  the  ceUnlar  tube  h 
&  point  requiring  closer  investigation. 
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KoeUiker  tells  u&  that  twig«  of  only  0-2256-2609  mm.  may  be  pos- 
eeesed  of  three  tuiaics.  Around  the  ceUular  coat  a  longitudinally  fibril- 
l&t6d  ela^stic  membnuie  is  to  be  found^  as  serosa,  then  a  media  considtiDg 
of  contractiJe  tibr©  cells  and  olaatic  übreSj  which  is  covered  by  aa 
adreutitia  of  longitudinal  fibrous  tissue. 
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In  sttU  larger  absorbent  vessels  the  structure  is  similar.  They  cotre- 
epond  in  thia  reape<:t  with  the  veins,  as  is  well  known. 

In  tlie  thoracic  duet  the  epithelium  presents  itself  enclosed  iu  several 
layera  of  fibrous  membranef&,  upon  which  an  elastic  network  is  laid  down, 
its  elongated  meshes  arranged  in  th^y  long  axis  of  the  vesaeL  The  next 
or  tniddie  coat  consists  of  connective-tissne»  coaraing  with  its  fibi^ 
in  the  direction  of  the  tube,  after  which  we  come  upon  tmnsverae 
muecuUr  fibres.  The  adventilia  presents  for  our  considerationj  beside« 
ordinary  connective- tissue,  scattered  bundles  of  unstriped  muscle  arranged 
in  a  reticular  manner.  According  to  K€}eUiker,  the  serosa  has  a  thickness 
of  hardly  0  0135-0  0226*  and  the  media  of  0  0564  mm* 

The  relatiouft  of  these  canala  to  the  lymphatic  glands^  on  their  arrival 
in  the  latter,  we  reserve  for  the  third  part  of  our  worL 

Ri^MAltJCS.— (I,)  Timhrrtamt  woa  of  opinioa  that  the  fouDdatioa  of  the  whole  Ijm- 
pUnttT?  Bvstcm  «onasted  of  fitructurv«  reseinbhng  &t«ll&te  eells  (SuugsderzelleD).  He 
Tviranlpd  thvm  is  met&inorphosrd  celk  which  hud  pre««r7ed  th«ir  envelope,  ttid 
wjikht  uriit«!  tlirotigh  llnfir  proc^efiseä^  thus  form«d  the  '* lymphntie  capillaries,*'  (2,) 
Ammig  Ihi?  viv^s  iu  fni!?*it]üu  great  variety  may  be  obstrveii  Mao)'  have  «imply 
acevpted  thi?  n]enibrntick':!<;t^  iiiterBtiücs  of  intprAtitial  or  ottier  coDTie^tiro  tiiiAue  a«  th« 
pommencemerit  of  the  nbsorbeut  system,  Th&  eiticDdbility  of  this  tissue  wsa  sap- 
p^tcid  to  lead  to  the  fnrmition  of  clpfts  or  dpeniti^  int«  tbe  neighbiuring  parts  oa 
metcsaie«!  pressiirep  iirt]fit:iiil  or  tint  u  mi  (Bj-ikkc  and  Lndu?ig),  MedetinghmiKn^  in  his 
article  **Uie  Lyu4>h^ftis£f!  uud  ihre  Heziebung  fum  Bindegewebs^'  Berlin«  1$^% 
apfH?ars  to  bave  airivvd  nt  peculiar  reiu its  Jn  hm  itiTestigatious.  According  to  him 
(«nd  tbe  merit  of  the  discovery  rests  with  bim),  «U  lymphatic  rmdicle«  itre  elothcd 
with  tliat  e^Jthcii^iia  already  meutioned.  TJiey  nre,  however»  wya  be,  rol«ted  to 
ihime  fannaUoaa  of  oonneotivs-Ufitue  to  wdl  knowu  from  Virehmß*$  worka  At  con- 
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necliTe-tissuc  corpuscles,  E^ekUngkaumi  «loei  not  m^au,  howcTer,  that  ■  ijst^ia  of 
hollow  cells  Is  formed  of  the«,  but  rather  a  lerie»  of  fine  cleft»  as  it  w«re  (Sdftk»- 
nätchen)  traveraiDfl  the  tissue,  in  i^hieh  elenientary  »phcroidsl  (coiineetive-tiii^e) 
cells  are  lodgt^  This  Tiew,  however,  has  mtt  with  the  gr^st^st  oppositioti,  aoi  is, 
w«  are  convinced,  iJicoirect.  In  order  to  «ccount  for  the  tmnsitioti  of  these  **  sap- 
eansla"  into  the  larger  lymphatic  rafjicslsp  '»ifeieh  "re  Siöetl  l^■itll  cells,  lUdiHn^- 
haustii  poiota  to  the  tt&maia  already  mentioued  in  the  text  Many  of  these  srosJl 
figures/ however,  may  possibly  have  another  sifiuificaijce,  Tliey  mny,  nsmfl^,  he 
nothiug  uiore  than  separated  processes  Df  some  of  the  vascialar  cells,  possibly  designed 
to  provide  iijr  the  iacrease  in  aiie  of  the  resaeL  £^lffin  and  BuTdon-Samtümmhöih 
Hpcak  of  sfiother  i^et  of  oficniugs  on  the  serous  sacs  beaidei  those  of  the  lymphatics 
just  mentioned  ;  theJie  üre  tlie  tenuinittioiis  of  the  tap  Ganaliculi  on  the  ffW  stirfac>e 
of  the  memhFaiie,  and  have  been  named  by  them  *^ptsud&-9iomaift"  i^.\  In  the 
fluid  of  serous  sacs  Kscklinghausen  has  found  lymph  corpuscles,  from  which  fact  it 
might  be  imagiiied  tlmt  the  formation  of  such  lyniphoid  elements  csonld  take  place 
from  the  epithelial  cells  of  these  tmTities.  Ludynff  and  Schweigyer-Seidel  allow  that 
such  a  mnltiplicatioti  and  transformation  of  tlie  epithelium  cells  on  the  e&Urvm 
imdimrUTTi  of  the  rsbbit  mny  talce  place.  KoeUiler  informs  ua  also  that  on  th«* 
hnmiui  peritoneuun  and  especially  in  that  part,  namely,  forming  the  great  omentuu^ 
there  occur  a  number  of  aggregations  of  epithelial  cells  in  the  form  of  nodulntiHl 
eX£re«oeii4»s  filled  with  lymphoid  eel  la.  An  explanation  of  this  phenomenon  hs^ 
howfifvef,  lince  hctn  offered  by  the  discovery  of  the  migiution  of  lymphoid  cell*. 

52OD. 

As  to  the  phf/moloffictxl  reUtions  of  the  %*esseb,  we  will  onlj  discuss,  111 
as  few  wordi  as  possible,  a  few  of  their  leading  feature.  We  have 
already  seen  that  the  thicker  wall  of  the  arteries  chiefly  depends  upon 
the  well-developed  middle  coat ;  that  it  displays  greater  richneaa  in 
transverse  kyers  of  ttnstripwd  muscle,  interleaved  with  elaätic  pkte«, 
while  veins  of  the  same  calibre  have  thin  walls,  owing  ehieÄy  to  thinnend 
in  the  fuiJira  media,  while  the  tunica  adventitia  is  strongly  dertloped. 
We  have  likewise  seen  that  in  the  smaller  veins  the  muscular  elementa 
Boon  disappear  completely,  whilst  in  the  very  smallest  arteries,  even  down 
to  their  termination  in  the  capillaries,  theie  contractile  fihre-cells  arc 
distinctly  visihie.  The  capillaries  themaelYes  are  entirely  destitute 
of  muscular  ti^ue,  but  posaess,  according  to  Strieker,  \ital  contractility 
<§  202). 

The  eirculatinn  of  the  blood  takes  place,  tiä  is  well  known,  with  puis«- 
tions  through  the  arterial  vessels,   and  evenly  through  the  veins  and 
capillaries.     The  pressure  of  the  blood  upon  the  walls  of  the  ariene0  ; 
very  considerable^  exceeding  at  least  tenfold  that  upon  the  internal  sui^T 
fa<je  of  veins,  and  increasing,  besides,  more  and  more  with  the  ramiBeations 
of  the  former. 

The  walls  of  the  larger  vesÄclSj  in  keeping  with  their  texture,  possafis  j 
slight  but  very  perfect  elasticity,  that  i^  they  c-m  be  stretched  by  a  snaalt^ 
amount  of  force,  returning  subsequently  to  their  original  form*  It  roust 
l>e  borne  in  mind,  to<i,  that  the  vascular  tubes  are  always  largely  dia* 
tended  with  blood,  bo  that  the  elasticity  of  their  walls  also  exerciaes 
certain  amount  of  preasure  on  the  column  a  of  fluid  enclosed  by  them.  II 
we  consider  this  centred  in  the  orteries,  whose  expansion  under  incr 
ing  pressure  is  much  Jess  than  that  of  the  veins,  we  have  in  them  a 
system  of  elastic  tubes  charged  with  bloo*!,  into  which ,  at  fvery  contrac- 
tion of  the  heart,  a  new  quantum  of  the  latter  is  forced  The  pulsation 
of  arteries  is  an  undulation  prml  oced  in  the  walls  of  the  latter  by  thiil 
pumping  in  of  fresh  quantities  of  fluid,  and  is  gradually  destroyed  as  it 
advances  toward  the  periphery  by  the  resistance  of  the  vessels,  which  are 
undergoing  an  ever^increasing  ramification.     Owing  to  this  the  capillaries 
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are  not  reached  by  it  This  undulating  motion  of  the  arterj  dooB  not 
t;onstUute  the  propulsive  force  of  tljo  circulation ;  its  only  effect  is  to 
accelerate  the  course  of  the  stream  of  blofiti.  The  advance  of  the  lafctor  in 
oceasionad  rather  hy  the  ditferenoe  of  pre^ure  prevailing  in  arteries  and 
vein%  each  contraction  of  tlie  heart  forcing  a  new  mass  of  blood  into  the 
distended  arterial  tube,  and  each  diastole  abstracting  a  certain  quantity 
from  the  venous  trunks,  and  receiving  it  into  the  anricle. 

The  course  of  the  circnlation  is  ia  general  very  rapid,  Ihe  time  COB- 
sunied  in  the  completion  of  its  circuit  amounting  on  an  average  to  about 
half  a  fninute.  The  rapidity  is  greatest  in  the  arteries,  pfj nulling  in  the 
carotid  of  the  horse  400  millimetres  in  the  second,  while  in  the  veini*  it 
ia  considerably  less,  being  only  250  mm,  in  the  second^  m  seen  iu  the" 
jugular  of  the  same  animal.  In  the  following  set^ion  we  shall  see  that 
the  flow  of  blood  through  the  capiUsries  is  very  slow^  the  length  of  the 
latter  being  also  veiy  considerable.  This  ahiggishuess  depends  probably 
upon  the  narrowness  of  the  arterial  canals,  compared  with  the  much 
greater  extent  of  surface  in  the  capillaries,  and  the  consequent  increase  of 
friction  to  the  column  of  blood.  The  subsequent  decrease  in  the  super- 
ficial extent  of  the  b^  of  the  stream,  consequent  on  the  confiuence  of  the 
capillaries  to  form  veins,  explains  the  comparative  acceleration  which 
again  becomes  evident  in  the  latter  in  the  flow  of  the  blood,  which  still 
remains,  however,  as  has  been  already  remarked,  far  more  tardy  Ihaii 
th&t  in  the  arteries* 

The  question  now  arises,  What  have  (together  with  the  elastic  materiab) 
the  muacular  elements  of  vessels  to  say  to  the  motion  of  the  aireams  in 
the  vascular  svstem  T 

We  know  that  the  arterial  wall»,  wliich  are  rich  in  these,  contract  con- 
siderably under  electric  and  mechanical  irritationj  as  well  as  under  the 
action  of  cold  and  many  chemical  reagents.  Consequently,  we  cannot 
deny  tiie  presence  of  vital  contractility  in  the  arteries,  and,  from  their 
allie<l  structure,  in  the  veins  also.  The  general  opinion  is«  that  the  mnscu- 
lar  tissue  of  the  vascular  eyatem  is  perpetually  in  a  state  during  life  of 
slight  tonic  contraction,  which  sup  [porta  the  elastic  actit^^n  of  the  remain* 
ing  elements^  en Le ring  into  the  com]K»sition  of  the  wall.  In  that  hers^ 
also,  as  everywhere  else,  the  action  ojf  the  muscles  is  under  the  influencA) 
of  the  nervous  system,  we  must  expect  to  find  certain  vessels  narrowed 
hy  the  increased  contraction  of  their  mnecles,  and  expanded  on  relaxation 
of  the  latter.  The  regulating  action,  then,  of  vascular  muscles  on  the 
amount  of  blood  contained  iu  certain  parts  cannot  be  denied.  Ex  peri  ^ 
mental  nervoua  physiology  has  shown^  besides,  that  section  of  the  nerves 
supplying  the  vascular  system  gives  rise  to  expansion  of  the  arteries 
{Bernard  and  others).  W©  have  to  thank  this  observer  for  our  acquaint- 
ance witli  the  striking  fact  that  irritation  of  the  sympalhelic  neives 
supplying  the  arteries  of  the  submaxülary  gland  causes  decrease  in  their 
calibre,  so  that  the  hlood  passing  through  the  organ  is  found  to  be  dark, 
while  only  a  small  amount  of  viscid  saliva  is  secreted.  Stimulation,  on 
the  other  hand,  of  the  cranial  nerve  which  enters  the  gland,  namely,  the 
chords  tympanic  produces  a  completely  opposite  effect,  bright  red  bloml 
stfenming  rapidly  through  the  part,  and  a  copious  watery  secretion  being 
poured  out  Other  organs  also,  such  as  the  parotid,  kidney,  and  stomaeh, 
manifest  the  same  ajitagonism  in  the  actions  of  expanding  and  contract* 
ing  nerves.  In  them,  likewise,  we  obBerve  that  the  enlarged  vascular 
territory  contains  during  the  process  of  secretion  bright  red  blood. 
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Fiimlly,  tlie  eapUlaries^  eiipplied  lücGwise^  it  would  appear,  with  tierTe% 
constitate  the  most  important  part  of  the  whole  vascular  6 jetem.  Througii 
the  memhtaneß  of  which  they  are  forme*l  takes  place  the  iDterchauge  of 
matter  between  the  ptasma  of  the  blood  and  the  organic  juices :  from  them 
are  exuded  those  üuida  which  appear  afterwards  as  glandular  secretions. 
We  ha?»  already  learned  (§  205)  that  upon  the  richness  In  capiUanea  of 
any  organ  or  tiMue  depends  the  energy  of  its  tiansformative  power. 
The  variety  in  the  matters  given  out  from  and  received  into  the  severml 
portiona  of  the  capillary  system,  may  partly  depend  upon  a  differs» 
molecular  constitution  of  the  walls  of  the  vessels  ;  jmrtly  on  diiferetiee  in 
oompoeition  of  the  blood  of  vadoua  regions  of  the  vasciajaf  system,  m  well 
as  the  changeable  nature  of  the  organic  fluids.  The  form  of  the  afferent 
and  efferent  vesaeli  of  capillary  networks  is  also  certainly  of  importance. 
It  will  suffice  here  to  point  to  the  retarding  effect  of  the  glomerulus  of 
the  kidney  (fig,  3T0)  on  the  »treani  of  blood  tiaversing  the  organ*  The 
different  amount  of  pressure  in  the  several  parts  of  the  capillary  system 
produced  by  this  is»  however,  probably  the  most  important  moment  in 
the  processes  taking  place  here. 

We  haie  already  referred  (§81)  to  an  occurrence, of  great  vital  import- 
ance, which  has  only  been  recognised  very  recently,  namely,— ihe  paiaage 
of  colourless  oa  well  as  red  blood  corpuscles  through  the  uninjureti  walls 
of  vessels, — the  coutractility  of  the  vascular  ceUs  appearing  to  provide  for 
the  closure  of  each  successively  formed  aperture. 

We  turn  now  to  the  question,  so  frequently  diseufised,  as  to  the  eitisience 
of  the  ao-caUed  vuMa  mtma^  or  plasmatic  vessek.  Are  there  in  the  system 
GapiUaKes  of  such  small  calihre  that  they  do  not  admit,  in  the  normal 
Etate,  of  the  passage  of  blood-cells  through  them,  and  c^jnaequently  enly 
serve  for  the  transmission  of  the  liquor  sanguinis  1  Such  vessels  do  not 
exist,  although  it  was  formerly  eupposed  that  such  was  the  case,  and  that 
a  non-vascular  organ  could  rapidly  acquire  capillaries  when  in  a  state  of 
irritation  by  the  enlargement  of  thene  to  such  an  extent  as  to  allow  of  the 
pttssage  of  blood-cells.  Long  ago  attention  was  directed  hy  Herde  to  the 
praaenoe  in  the  substance  of  the  brain  of  fine  filiform  tubes  commimi- 
caÜng  with  ordinary  capillaries.  These  were  afterwards  discovered  to  be 
merely  hne  vessels  which  had  been  unnaturally  stretched,  and  thna 
narrowed  ( Weleker).  Here  and  there  efforts  have,  indeed,  been  made  ti> 
maintain  tlie  transition  of  capillaries  into  plasmalio  passage  or  "sap- 
c&nals''  (Cocciti^,  Eclcardj  /Icidenhain),  but  without  suceeas;  However 
the  hypothesis  of  such  an  intermediate  system  of  vessels  between  eafül- 
iaries  an<l  lymphatic  radicles  m&j  recommend  itself  on  account  of  itacon* 
venience,  observation  does  not  support  anything  of  the  kind. 


5210. 

The  circfdaiion  of  the  blood  in  the  living  body  is  one  of  the  most 
beautiful  spectacles  which  the  microscope  can  reveal.  The  readiest  mode 
of  seeing  this  is  to  eicamine  the  transparent  parts  of  cold-blooded  verte- 
brates^ such  as  the  web  of  the  frog's  foot  or  the  tiiil  of  the  tadpole.  The 
embryos  of  fishes  and  birds,  the  w^ing  of  the  bat>  the  mesentery  of  pre- 
viously narcotised  small  mammals,  &Cv,  will  serve  the  same  purpose. 

Taking,  for  instance,  the  first-named  jiortion  of  the  frog^s  binly  (fig.  3S3), 
we  see  in  the  larger  arterial  and  venous  brnnches  of  the  web  the  bloo*! 
streams  coursing  in  opposite  directions,  with  a.  rapidity  magnified  natu* 
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niUy  in  proportion  to  the  strength  of  tlie  lena  employed*  In  the  minute 
iirteriea  tlie  charact^riatic  pulÄation  may  1m  lecogoised,  while  in  th(j  capiK 
kriea  a  sluggish  and  njure  cvtin  flow  is  observed.  The  blood  in  the  veins 
la  seen  also  to  move  along  steftitily,  hut  again  altghtly  iricreased  in  pace. 
In  the  large  tnbes  the  oval  hlood-ceUs  are  driven  aJong  end  foremost, 
mime  times  side  by  iide,  ur  ono  over 
tho  oilier,  and  in  the  more  consider- 
able arterial  twigs  are  frequently 
«een  txviating  and  w hilling  in  rapid 
motion.  The  internal  surface,  how- 
ever, of  auch  a  vessel  of  aom  e  wh  at  eon  -  V-z^cTiHÄ^'ÄfltC  Ö 
Aiderahle  calibre  (a),  is  nut  touched 
by  the  rapidly- moving  red  cor- 
ptiBclea.     In  contact  with  it  we  oh- 

serve   a  dear   colourless    layer,    in         fÖ^^x^M^S^H^oV^^i 
wluch,  in  the  case  of  veina  scattered,  Sr\^-^\^l^BJir^V&) 

white  corpuscles  may  be  discovered^ 
which  advance  much  more  slowly 
and  laKÜy  than  their  hurrying  com- 
panions, and  sometimes  even  adhere 
to  the  Willi  of  the  v easel  for  a  con* 
aiderahle  time.  In  the  arteries,  on  the 
other  hand,  this  colourless  atratum 
of  fluid  consists,  according  to  Conheim^  of  liquor  sanguinis,  almost  entirely 
free  of  celk  Thus^  a  distinction  may  be  drawn  between  a  rapid  axial  and 
biEV  pitrtdal  stream*  Ln  the  linest  vessels  and  capillaries  tliis  peripheml 
lay^r  dimppeara  on  account  of  the  narrowness  of  the  tube,  and  instead  of 
the  heJter-skelter  which  pjoca  on  in  the  artcrie«,  a  more  quiet»  measured  pro- 

IgresaioD  commences.  At  last  the  coloured  and  colourless  bloodcorpusclea 
ghde  along  singly  one  after  the  other^  sometimes  closely  packed,  sometimeB 
ftcparated  by  considerable  intervals.  The  former,  w*hich  are  smooth  and 
pliant,  as  well  as  endowed  with  a  liigh  degree  of  elasticity  and  extensibility; 
are  driven  tli rough  the  liner  canals  with  greater  ea^e  than  the  latter,  which 
are  nol  un frequently  arresteii  in  their  [»rogresa  owing  to  their  roughness 

,  #nd  adhesiveness,     A&  soon,  thcn^  as  the  compression  exercised  upon  it  is 

emovedj  the  red  corpuscle  returns  to  it«  primary  form  again.     lu  certain 

some  of  the  capillaries  appear  completely  devoid  of  cells  for  the 

ne  being,  and  transmit  plasma  alone.     It  seems  almost  su  peril  nous  to 

^remark  here  that,  in  the  normal  condition^  a  continuous  transition  of  the 
arteries  into  the  veins  takes  place  tlirough  the  capillaries.  In  this  exqui- 
Bite  spectacle  a  great  number  of  sulvotdinate  variations  may  be  observed 
beside  those  already  metjtioned.     Kiit  the  moving  colourcfl  cells  of  the 

^  mammal  are  liable  to  even  greater  changes,  according  to  EfAk'tfu  interest* 

ring  observations.  They  assume  contimially  (of  course  passively)  the  most 
diverse  forma^  and  only  appear  exceptionally  in  their  normal  shape.  This 
the}'  assume  again  on  the  blood  coming  lo  a  state  of  rest. 

The  rapiditff  of  the  capillary  circulation  can  only  be  esuumted  approxi- 
mately.    The  red  cell  of  tho  frog  traverses  about  the  fourth  or  flfth  of  a 

I  tine  in  a  second,  while  the  lymph -corpuscle  requires  for  the  same  distance 
alwut  ten  or  lifteen  times  as  long*  It  is  only  the  great  shortness  of  tho 
capillaries,  of  which  we  have  already  fspoki'U,  which  renders  ptJBsihle  the 
rapid  cLrculation  of  the  whole  mass  of  the  blood  through  the  body. 
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As  to  the  development  of  the  Taacular  aystem,  we  koow  that  it  takes 
place  from  the  middle  embryonic  plate.     According  to  an  old  aod  wide- 
spread theory,  the  heart  and  the  earliest  trunks  which  appear  in  the 
rudimeiita  of  the  embryo,  Jiamdyi  the  arch  of  the  aorta  and  primitive 
veinsj  are  jnet  with  at  fii-sfc  in  the  form  of  solid  cylinders  composed  of 
cells,  without  any  distinction  between  the  axis  and  peripheral  portion. 
The  latter,  tljroiigh  the  close  union  nf  its  cells,  hecomea  the  primary  wall , 
of  the  ve^el,  while  the  cellnlat  elements  in  the  axis  constitute,  on  th#J 
Itqutfaction  of  the  intercelluUt  substance^  the  first  blood  corpuscles  (§  81] 
More  recent  investigiition,  however^  has  shown  that  the  heart  is  deTdo]! 
from  the  very  commencement  as  a  hollow  organ  (Scht-nck,  He^isen^  KieinjÄ 
In  the  embryonic  ehick,  Hnnakhi^ie^  that  he  haa  recognised  the  first  blood^ 
vessels  in  the  form  of  solid  cylinders  0*0282-0*0451  mm.  in  breadth ;  in 
the  trans  venae  section  of  which,  as  a  rule,  from  three  to  eight  fornuuive 
cells  may  be  seen,  but  at  time5  only  two.     At  a  more  advaneed  stage  of  J 
development  these  cylinders  are  ohfierved  to  be  hollow  and  tubular,  their* 
-walJfl  oonsieting  of  a  single  layer  of  fonnative  cells  projecting  far  into  the 
interior,  and  constituting,  in  all  probability,  the  endothelium  of  a  later 
period.     Sul^equently  great  streaa  was  laid  hera  also  upon  the  hollo w-i 
rudiment.  I 

The  veaaels  of  a  lakr  period  were  long  supposed  to  be  developed  aftarl 
another  fashion,  namely,  from  the  fusion  of  aimple  rows  of  cells  with  aub-^ 
sequent  investment  in  other  ceDs. 

This  is  almost  identical  with  the  mode  of  developnient  which,  sinct 
the  days  of  Schwann^  baa  been  regarded  as  that  of  tlie  capiJlariea. 

The  latter,  as  the  older  theory  goes,  arc  formed  by  the  melting  down 
of  the  central  portion  of  fonnative  cells,  which,  arranged  in  rows  one  after 
the  other,  and  united  in  this  position,  are  converted  into  a  tube  by  open* 
ing  into  one  another  In  this  caae  the  membrane  of  the  cell  becomes  tijo 
wall  of  the  vessel,  and  the  nucleus  remains  with  it,  as  is  alvvays  s^n» 

The  formation  of  non-branching  capillary  tulies  was  believed  to  ooouf 
in  the  following  manner  : — It  wo«  suppoäed  that  fusLfbrm  cells,  arrangodi 
one  after  the  other,  became  united  by  means  of  their  processcs^  the  diÄfer«] 
ence  in  the  diameter  of  the  cell,  and  its  ramiEcalions,  gfadually  disappear^  I 
ing  later.     The  cellular  tubes  so  formed  were  then  supposed  to  receive 
their  bloc^d  by  becoming  connected  with  the  previously  existing  ves^la, 

But  owing  to  the  fact  that  such  nnbranched  tubes  but  seldom  oecur  in  any 
length,  and  that  a  re  ti  form  arangement  of  tub  ales  is  the  rule,  th6  stelJat«  j 
call  wai  regarded  as  playing  an  important  part  in  the  production  of  ramifies^  J 
liona  among  tudimentary  capillaries.     This  also  has  since  been  shown  ta  ] 
be  incorroct.     The  lumen  of  *the  capillary  vessel  is  an  intercellular  apace- 
Seeing,  then,  that  these  older  views  are  no  longer  tenable,  let  us  inquire 
what  have  recent  observations  ilone  towards  showing  the  true  mode  of 
development  of  the  blood- vessels» 

Let  us  take  first  that  of  the  earliest  nidimentary  vessel  in  the  fc^tus, 
which  is  of  con*^iderabie  size,  as  is  well  known. 

The  first-formed  vessels  in  the  chick  spring,  according  to  Klein^  from 
ceUs  of  the  middle  germinal  layer,  whose  contents  become  fluid  until  the 
enlarged  and  watery  cell-hiKly  is  contained  within  a  cortex  of  protoplaam  j 
aupplied  with  a  nucleus*     From  such  cells  the  primary  wall  of  thö  v« 
takes  its  origin  with  the  endothelium  tube  and  first  blood-corpuscl««. 
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A  c@U  of  this  kind,  then,  swells  up  inio  &  vesicle,  while  at  the  same 
tiroe  iti  nucleus  undergo««  scgmeuttttiou,  t>öme  of  those  nuclei  preaenting 
great  regnlaritj  of  arrangement  Uirougliout  the  protoplasm  cortex  (mdo* 
ihdium  i^Mck  of  Klem),  the  latter  may  be  regarUeil  as  made  np  of  not  ytjt 
separated  endothelial  cells.     These  are  to  be  seen  Jater  more  distinctly. 

From  the  endothelial  wall  further  yellow-colourod  and  white  cells  apring, 
by  a  process  of  gemmation, 
- — the  ßrst  blood  corpn^dt'^. 
The  göüesis  of  these  colls, 
therefore,  appears  now  un- 
der a  new  light  (§81). 

In  other  of  these  forma* 
tivB  cells  the  inner  portion 
of  the  protoplasm  is  «aid  to 
fiasume  a  red  colour,  and  to 
divide  itself  orer  the  new 
uncle i  formed  by  segmen- 
tation to  form  hlood-cor- 
puscles.  Finally,  coarsely 
granular  ceUa  are  said  to 
undergo  a  precisely  similar 
process  of  transformation. 

Thus,  we  see  that  both 
the  walls  of  the  vesaela  and 
the  first  blood  corpuacles 
take  their  origin  from  the 
■ame  cells,  **  the  brood- 
eella"  (Brutzellen)  of  Klein. 

But  how  is  the  vas^jular 
'  tube  formed  from  ttiese  sepa^ 
I  mte  endothelial  vesicles  t 

The  Urs t  of  the  vesicles 
become  elongateil  and  sac> 
culated.  They  may»  how- 
ever, only  at  first  send  out 
I  laterally  solid  biuls  of  proto- 
plasm which  stxbsec^uenily 
become  hollowed.  Now^ 
by  the  union  of  aU  these, 
one  with  another^  the  first  vascular  tubes  are  formed. 

Even  the  largest  vessels  and  the  heart  itself  appear  to  have  a  similar  origin« 

We  have  before  us,  then,  protoplasm  tubes  which  gradually  divide  inlr> 
endothelial  cells  by  a  process  of  segmentation  of  the  nuclei.  This  agrees 
very  perfectly  with  an  old- established  iact,  namely,  that  only  from  a 
certain  stage  of  development  on,  doea  the  nitrate  of  silver  solution  pro^ 
duce  the  welbknown  mosaic  appearance  in  the  walk  of  capillaries* 

Very  early  it  may  be  remarked  in  the  cluck  that  the  growing  arteries 
'  teoeire  a  clothing  of  flat  atellate  cells  forming  an  embryonic  mlveniUia. 

The  further  development  of  vessels,  but  more  esipecially  of  new  capil- 
laries from  those  already  present,  agrees  most  beautifully  with  all  this. 
On  this  point  we  have  lately  had  some  very  excellent  observations  by 
Arnold^  with  some  not  quite  so  recent 

An  object  formerly  much  studied  has  recently  received  mueh  ^ttenticm. 


fig.  8S4^«-DeteInpinFflt  dT  flit«  etpniiirtei  In  the  tiUJ  of  the 
t*dtHil0r  Pt  f^  prolcipiun}  ipnTat«  und  coTdf, 
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also,  namely^  the  tail  of  the  tadpole.  Here  (fig.  38i)  a  rapid  farmatbn  of 
capiilarien»  from  some  already  preaenfc^  may  be  observed  to  tako  place^  as 
has  lonjj  been  known,  by  a  species  of  budding. 


FlE.  aas.— From  ih«  ritrru*  humour  of  the  ffleUl  calf.    Two  ycwu^li  cänTiccti*d  by  n  **eerd'*  of  p«i*S^ 
plMizif  vid  clütlicdvlth  Bn  Adv^ntUfiu  a,  InMrtiun  of  thl«  coia  lattt  Lbs  pKniiri'  ^ibU  of  the  vcmcIl 

From  the  walla  of  already  formed  capil lanes  protoplasm  ia  e applied 
capable  of  farther  independent  davelopmeut  (p,  p).     By  the  growth  of 

thia  those  aprouts  and  tli  reads 
ure  produced  to  which  we 
have  just  alluded.  These, 
again,  are  converted  into  cords 
by  fusion  one  with  another, 
and  the  axial  portion  of  each 
thread  becoming  fluid  subse- 
quently, tubes  of  protoplasm 
are  formed. 

But  with  this  further  trans- 
formation of  the  walls  a  for- 
mation of  new  nuclei  gi>es 
hand  in  bund.  The  latter 
are  at  fin^t  i^mall  and  not 
sharply  defined,  but  become 
larger  and  more  distinct  lat«f 
on.  From  these  two  consti- 
tuents, then,  nuclei  and  pro- 
toplasm» the  vascular  or  en- 
dothelium cells  already  men- 
tioned are  formed  by  a  species 
of  segmentation  [Ärnoid)* 

In  fig,  385  w^e  have  rppre- 
sented  something   BirDilar  in 
the   formation   of   vessels  in 
the   cör]ms   vitreum   of    this 
f<pt4il  C4ilf.     Here,  however,  numerous  adventitial  cells  are  also  present 

ITjo  next  woodcut  also  {frg.  3S6},  which  appeared  in  the  hrst  edition  of 
this  work,  represents  the  sumo  thing. 


Flft.  SWk — Vffwel*  froin  the  mifnbrana  raptufthpttriffttriM  of 
an  Ftnliryon^c  pkg^ 'df|  lncltaii  Ictnii.  Dn^rlakd  wtrh  iiiutnl 
iidveiillrf«!  ccjiu,  1,  h  flue  v*'«m!I  w|ih  ä  sdnftlc  "tie  "f 
iht;  lnrtFr;  2,  witti  ntimberB  of  (he  iame;  3,  tttre«  vpfacU. 
tfv  tt,  connLTtert  by  n  rT«n?^vtT*e  flirrad^  i,  clot  hin (T  of 
c*äl«  only  «sn  tliu  underfnost  p^inlnn;  &,  m  vriu^l  nkJi 
l'iniinili.'d  CfllB  ft,  ciinneetert  by  «  ti  hdatitb^  Lritirb  a 
(whkcli  Ht^LuiiY*  to  the  iluhi  At  A  A  npw  r loMiItijf  iff  crll*) 
with  miiq-ther  tutie  ä^  which  wbtmt  ihe  »dvenUiUI  cdi«  Ui 
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The  vessels  frequently  undergo,  subsequently,  further  development,  both 
in  regard  to  form,  size,  and  texture.  Those  of  the  gravid  uterus  present 
a  peculiar  periodical  increase  in  size.  Others,  as,  for  instance,  those  of  the 
cornea  towards  the  close  of  fcetal  life  and  after  birth,  suffer  extensive 
obliteration.  During  this  process  His  observed  the  formation  of  stellate 
bodies  resembling  ramifying  pigment  cells. 

Pathological  neoplasis  of  vessels  is  of  frequent  occurrence.  It  was  for- 
merly supposed,  however,  that  they  were  formed  independently  of  the 
normal  vessels  already  present,  the  pathological  tubes  becoming  subse- 
quently  united  to  those  physiologically  formed.  But  there  can  be  no  doubt 
that  the  pathological  have  the  same  mode  of  origin  as  the  normal. 

Thus,  in  the  regeneration  of  a  tadpole's  tail  we  may  remark  (fig.  387, 
a,  h,  Cy  d)  the  same  long  known  protoplasm  sprouts  and  threads  again     If 


Fig.  887.~DeveIopTnent  of  caplllaiiet  In  the  regeneratiog  tail  of  a  tad- 
pole after  Arnold.    Oyb^c^d,  iprouU  and  cords  of  protoplasm. 

we  look  at  the  same  vascular  region  twenty-four  hours  later,  it  presents 
the  appearance  figured  in  ^^,  388.  The  protoplasm  thread,  d,  has  become 
converted  into  a  pervious  capillary  tube ;  a,  6,  and  e  have  become  wide 
protoplasm  cords. 

It  appears,  however,  that  a  new  formation  of  vessels  may  take  place  in 
another  manner.  According  to  ThieracJi,  if  a  wound  be  made  in  the 
tongue  of  mammals,  a  number  of  wallAesa  passages  are  observed  between 
the  arteries  and  veins  at  a  certain  stage  of  the  healing  process,  which  carry 
the  blood.  Some  of  these  lacunar  passages  become  later  on  converted 
into  true  vessels,  the  neighbourhood  probably  supplying  vascular  ceUs,  while 
the  greater  number  are  destroyed.  Hereafter,  in  speaking  of  the  spleen, 
we  shall  have  to  consider  similar  lacunar  blood  streams  as  existing  in  it. 

Vascular  tumours,  known  as  angiomas,  present  a  different  structure.  We 
refer  the  student  to  the  handbooks  of  pathological  anatomy. 

As  to  the  development  of  the  lymphatic  vessels  we  possess  very  little 
information  at  present.     There  can  be  but  little  doubt,  however,  that  the 
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fine  canals  in  tho  tadpole's  tail  have  a  similar  origin  to  the  blood  capil- 
laries. 

The  pathological  new  formation  of  lympatic  vessels  has  been  remarked. 


Fig.  888.— Tlie  same  ref^on  after  tho  lapse  of  twenty-four  hours. 

however,  as,  for  instance,  in  pseudo-membranes  and  adhesions,  by  ScJirader 
van  der  Kolk,  E.  Wagner^  and  Teichmann.  W.  Krause  was  the  first  to 
demonstrate  their  presence  in  tumours  by  injection. 


18.  The  Hair. 

§  212. 

The  hairs  are  productions  of  the  corneous  embryonic  plate.  They  are 
filiform  appendages,  composed  of  a  modified  epithelial  tissue,  and  are  of 
rather  complex  structure.  In  hairs  we  have  to  distinguish  between  the 
säqft  (fig.  389,  Z),  which  projects  beyond  the  skin  in  the  greater  part  of 
its  length,  and  terminates  above  in  a  point,  the  root  or  lovrer  portion 
which  is  concealed  in  the  skin,  and  ends  in  a  flask-shaped  duplicature  of 
the  latter,  called  the  hair  follicle  (a),  and  the  bulby  which  is  the  thickened 
and  rounded  terminal  portion  (A).  The  latter,  hollowed  out  below,  is 
seated  on  a  papilla  (t)  rising  from  the  floor  of  the  follicle.  Between  the 
follicle  and  the  proper  hair  is  found  a  complex  encasing  aheaih,  which  is 
divided  into  an  external  (c)  and  internal  portion  {d). 

It  may  be  found  most  convenient  if  we  commence  our  observations 
with  the  most  deeply  seated  portions  of  the  structures  in  question,  for  in 
them  we  have  the  source  from  whence  the  latter  spring,  and  can  observe 
the  earliest  forms  under  which  the  tissue  makes  an  appearance.  In  this 
way  wo  shall  be  best  enabled  to  comprehend  the  further  transformations 
which  take  place  until  eventually  the  texture  of  the  shaft  is  arrived  at 

The  hair  follicle  (a)  is  a  reduplication  of  the  cutis  vera  of  variable 
length  and  oblique  direction.     In  some  cases,  when  the  hairs  are  long, 
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it  may  project  downwards  into  the  «ubcataneous  cellular  tissue.  Its 
form  is  in  general  cylindrical ;  not  seldom,  however,  it  is  narrowed  at  ita 
lower  end.  It  consists,  like  the  corium,  of  fibrous  conne^ctive  tissiiBj  in 
which  several  layers  may  be  observed*  To  thia  one  or  several  bundles  of 
nnstriped  inusclo  are  attached  extenmlly^  the  areetore»  piii  of  E^landt, 
The  outermost  layer  of  the  follicle,  which  may  bo  extremely  thin  when 
the  surrounding  tissue  is  densely  interwoven»  ia  seen  to  be  made  up  of 
longitudinally  arranged  connective- tissue  bundles  with  fusiform  nuclei 
lying  in  the  same  direction.     The  thick-  ^ 

ness  of  this  laj^er  nsually  ranges  be- 
tween 0*0036  and  0  0070  mm.  In  it  a 
complicated  network  of  captlJariea  is  to 
be  seen,  and  nerves  have  been  in  some 
inslances  also  observed. 

The  middle  layer  of  the  hair  follicle 
Is  in  general  somewhat  tlncker,  mea^ 
aunng  from  0  0149  U>  0  0233  mm.  It 
consists  of  undeveloped  connective- 
tissue,  whose  hhres  have  a  transverse 
direction^  with  several  layers  of  elon* 
gatad  nuclei,  whose  appearance  brings 
to  our  recollection  that  of  the  well- 
known  nuclei  of  involuntary  muscle 
fibres  {Kodiiker)^  although  no  such 
elements  can  be  clearly  demimstrated 
here^  A  capillary  network  is  also  to  be 
seen  here,  whose  meshes  have  a  direction 
chieHy  transverse.  Tliis  middle  layer 
commences  at  the  bottom  of  the  fol- 
licle, but  terminates  above  on  arriving 
at  about  the  neighbourhood  of  the  seba- 
ceous glands.  The  human  iiair  follicle, 
further,  is  surrounded  by  lymphatic 
iressek. 

Fiiudly,  the  whole  induplication  is 
6nelo«ed  in  a  transparent  structureless 
membrane  (fig,  380,  h\  fig,  3**0,  g) 
finely  striated  internally,  which  may 
be  lookiMl  tipon  as  a  modified  limiting 
membrane  or  hyaline  coat.  Like  many 
atruetures  of  the  same  nature,  it  mani- 
fests great  power  of  resisting  the  action 
of  acids  and  alkalJea,  Between  this 
layer  and  the  middle,  in  the  large  tactile 
hairs  of  some  mammals,  there  is  situated^  according  to  Leydig  and  Odenius, 
a  highly-developed  cavernous  Tascular  plexus,  which  terminates  above  in 
a  circular  venous  sinus  {Dietl  and  SchÖ'jiy 

Acconling  to  the  more  recent  investigations  of  Werikeim^  however,  the 
hair  follicle  is  not,  aa  has  bi^en  up  to  the  present  generally  supposed, 
rounded  oif  at  its  termination  in  the  manner  represented  in  our  ^g,  389« 
It  ia  continued  down  through  its  external  and  middle  layers  into  a  cord 
of  connective-tissue,  which  becomes  at  first  enlarged  **  like  a  cup/*  and 
then  narrowed  into  a  kind  of  **  stalk/'     I^reserving  the  direction  of  the 
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Rtiroui  lonk'Io  X  ^  tr«iicp«T>eDl  litt^^rnAl 
iJiyer  ot  the  Ifttter;  f,  the  iifxiemii].  tnd  ^, 
the  in  lern  aI  rcMit-^sh^'Ath  \  r,  tranBttlon  of 
the  eiteirtial  iheitth  irntn  the  hair  ImJbi  /« 
fiAlrnrutlde,  wn  At  /*  In  tbt  torm  «f 
iruifverse  fllire*;  jjf,  the  Iowut  portUifl  of 
thli  «tnicttirt;  ft,  ri'llt  ef  tb&  bjiVr-ti^uIb ; 
t,  h«is-  paplllat  ^»  <«ll>  of  (be  mednlUry 
pMl  %  K  cortlaü  ^srtinn ;  »i»  mrdiillft  con- 
Umlng  ^r;  a,  thuiBven«  KCtkoa  of  the 
lAlT-er;  ^  cortex. 
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follicle,  or  binding  ofiT  more  at  right  angles^  this  cord  puraues  u  downward 
cotusQ  to  a  greater  or  less  distance,  and  ereiiiually  b^otnes  continuous. 
together  with  other  of  ita  eompanionSj  with  a  atfong  bundle  of  connective- 
tissue  down  below* 

Eising  from  the  fundua  of  thi«  foUicle,  we  next  see  tlie  pa/nila  of  tke 
hair  (i)j  consiatijig  of  a  specie»  of  undeveloped  nucleated  connectiv©- tissue 
with  a  slight  iuterniixture  of  hbreä.  This  structure  may  be  regarded  bs  a 
modihed  tactile  papilla  of  the  skiu.  Its  shape  is  either  conical  or  more 
or  leaa  ovoid,  the  length  from  above  downwards  always  exceeding  the 
breadth;  thua  the  former,  fot  instaucej  may  amoimt  to  0*2256  mniK,  and 
the  latter  to  0*1128  mm.  In  ita  interior  h  contained  a  fine  cftpillary  net- 
work.    This  papilla  ii  the  point  from  whtch  the  hair  is  developed,  and 

that  also  from  whence  the  latter  receiyes  its 
nutritive  supply . 

The  presence  of  nerves^  on  the  other  hanil, 
has  not  been  remarked  in  the  papillie  of  hair, 
although  in  man  the  external  layer  of  the 
follicle  contains  isolated  fibres,  which  are 
seen  hero  and  there  to  untlergo  division- 
According  to  recent  observations,  these  latter 
appciar  to  be  connected  wUh  peculiar  terminal 
cells  situated  in  the  external  rootshesth, 
which,  as  we  have  seen  before  (§  1 87),  are 
also  to  be  found  in  the  rcte  Maljd^ii  of 
the  skin  {Langerhans). 

§  213. 

The  hair  follicle  being  a  portion  of  the 
skin  which  has  been  folded  in^  as  it  were, 
the  external  rootriheath  (fig.  589^  e;  aud 
390,  e^f)  representa  the  undermost  layer  of 
the  reU  MalpigML  As  to  the  precise  iiatur« 
of  the  internal  root^sheath  (jfg.  389,  d;  asd 

390,  Cj  d),  on  the  other  hand^  ther«  stilt 
exists  considerable  difference  of  opinion. 

If  the  entrance  of  the  follicle  be  eloseljr 
examined,  the  deeper  layers  of  cells  of  the 
adjacent  skin  are  seen  descending  m  ea> 
temal  root-sheath  into  the  sac,  and  lining  itfl 
walls.  The  number  of  layers  of  these  small 
rouniJed  and  nucleated  celb  varies  with  ihe 
strength  of  the  hair  (iig.  389,  c;  390,  e;  «iid 

391,  c).  The  cells  themselves  are  aboat^ 
0  0074-0*0113  mm.  in  diametifr.  Tho«e  of 
the  most  internal  stratum  are  more  or  len 
tlattened,  while  those  situated  more  ex- 
ternally appear  to  be  elongated  in  a  radial  direction,  recalling  to  mind 
the  state  of  things  seen  in  the  3lalpif!htan  layer  of  the  skin.  Just  as 
this  outer  root^sheath  is  continuous  «hove  with  the  rete  mucoitiim,  so  is 
it  continued  on  reaching  the  fiindus  of  the  follicle  (hg.  3S9,  f)  into  the 
cell u tar  masa  of  the  haii^hulb  (h).  In  some  cases,  however»  it  doe«  Hot 
extend  so  fan 

The  inimmal  root  sheath  is  distinguished  from  the  duller  mass  of  the 


Rf,  3t9^ — ^Tr«ntTeri«  vittlnn  of  * 
btHDiin  hi.tr  from  the  hfsd,  with 
It«  feUlcle,  a,  the  hair;  a.  cwfid*  of 
tlifl  14111«;  «^  Ihtr  iDnrr^  snd  4  this 
outer  ImycT  af  ihe  »a-cA|l«-d  Int^^m«! 
rQot-tb««th ;  «,  the  ftttcimaJ  roal- 
•fieatlL;  /  Ita  peHpli»ra|  portion 
li>rDi«d  of  eLl0DSil«d  wUti  ff.  hjm- 
Une'iuembrfthe  of  th«  falllele;  h, 
fnlddk  tftfirj  «ftd  i  etternjü  lAter 
of  thö 
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riir.  tll.~Cell*  of  the  tiiöUiti«*tli«.    In* 
Mrnal  »iMi^h^fttli.  with  Mmk'*  Uiyor« 


outer  by  iU  lighter  and  more  transparent  appeamnce :  it  k,  beeideg, 
thicker  (fig.  389,  d;  390,  e,  d).  Two  stratii  of  krge  cells  may  be 
remarked  in  it.  The  external  (Jig.  3D0,  d;  3ül,  a)  (the  root^heaüi  of 
//^^^ö)  consists  of  tmnspttf^ot  ovoid  cells  withonb  nuclei,  between  Ü"0377 
und  0  0451  mm,  in  diameter.  Between 
thesü  may  ha  observed  stnall  narrow  clefts, 
wbicb  can  be  rapidly  increased  in  size 
by  pressure,  Äa,  owing  to  tbe  brittle 
nature  of  tUe  'wbi>le  mass.  Within  tbb, 
again,  there  appears  either  a  eingle  or 
double  layer  of  cells  first  seen  by  Hu^lrff 
(%.  390»  c;  and  391,  h).  These  elementö 
are  likewise  transparent  and  polyhedral, 
nwitig  to  pressure  one  against  anotben 
Their  tkxh  parallel  to  that  of  the  bait 
is  short,  while  their  radial  diameter 
estceetls  that  of  the  elements  compos- 
ing IImit*4  layer  (fig.  390,  c,  d).  The 
most  important  point  of  distioction  be- 
iwviin  tbem,  however,  is  that  the  cetb  of 
iitixfrt/s  ky  t.*r  possess  small  narrow  nuclei, 
bringing  to  otir  recollection  the  appear- 
anee  of  uaiUcells  seen  from  the  side  (p. 
102,%,  150), 

Below,  towanla  the  fundus  of  the  hair  follicle,  the  internal  sheath  con* 
abta  of  only  one  layer  of  nucleated  ceUa,  which  may  be  continuous  witli 
the  peripheral  elements  of  the  hair^bulK  Above,  towards  the  outlet  of 
the  foUiele  tu  the  Beighbourhood  of  the  sebaceous  glands,  it  endo,  how* 
in^er,  with  a  sharp,  jigged  bonier. 

We  eome  now  to  tbe  proper  hair,  into  the  bulb  of  which,  as  it  regts  on 
and  overlays  the  |>a[iilla.%  the  t^ellukr  strata  of  the  external  and  interned 
root-sbeaths  nre  continued. 

In  the  hair- bulb  (Bg.  392,  h)^  throughout  its  whole  substance,  with 
the  exL'f|>titin  of  a  thin  coating,  the  same  small,  ruund»  and  densely* 
crowded  cells  are  to  b«  eeen  ns  those  whit:h  form  the  external  root-aheath 
(fig.  393,  £i).  Their  contents  are  eithor  colourless  niolecnles,  or  there 
ap{>ear  in  tbem  (at  one  time  in  am  ill  quantity,  at  another  in  larger  proper- 
tiun)  granules  of  pigment  varying  in  tint  with  the  colour  of  the  hair. 

Above,  however,  tbe  nature  of  thesu  eells  is  changed,  and  in  many 
h«lrs  a  contrast  h  disLinetly  seen,  owing  to  the  metamorphosis,  between 
the  axial  and  peripheral  jKirtion  ;  we  tijen  speak  of  the  metttdhrt^  majm 
(fig,  392.  A")  and  curt  tad  ifuh4tance  (/). 

In  the  fimt  placei  the  cells  of  tbe  latter  become  ovoid,  while  tbe 
nucleus  still  preserves  its  original  ephdrical  form.  Higher  up  we  find 
these  cells  transformed,  through  Üatteningt  into  a  plate  of  0  04>^l  mm« 
and  upwards  in  length,  whose  nucleus  has  become  likewise  long«  narrow, 
and  rt>d-Hke  (tii^,  393,  5).  Higher  still,  where  tbe  stem  has  atUiined  the 
hard  horny  cniii^i^tence  of  the  shaft^  the  celb  acquire  the  nature  of  thin 
ami  flat  o^al  plati«^,  with  irregular  outline  (e,  d)t  with  an  increase  in 
length  to  about  0  0  751  mnu,  the  trans ve^ri^e  diameter  aometimes  falHng  to 
00045  mKu  Their  nuclei  are  either  changed  into  very  thin  fiUforu^ 
S6 
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ipindleg,  or  inally  disappear  coüipletely.    The  union,  however,  of  the 
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Fig.  t99.-^a,  Ctlli  ef  tlie  liftir  bulb; 
K  tram  llie  tlni  pun  o(  the  iliuft ; 

miphwA€veA6,  resalTvd  lata  mptr- 
T»%9  pl«te«  ml  tf ;  <  «ad  /  tm  edlft 

from  tbe  bklrculIcK 


hmr-j^mtes^  ff:irming  the  coitical  portion,  is  so  intimate  that  not  the  ^lighteit 
indication  of  their  ejcistence  appears  in  the  freeh  hair  (tig,  393,  l)^  Even 
by  mechanica]  roeana  we  can  only  split  off  rows  of  them  lu  the  form  of 
rough  splinters.  Chemically,  however,^ namely,  by  the  aid  of  sulphuric 
acid, — we  ar©  euahled  quickly  aud  easüy  to  render  visible  the  eleraents  of 
thö  structure  by  the  solution  of  the  matter  cementing  them  tngethen 

Looking  upon  the  cortical  mass  as  a  whole,  we  Jind  it  saturated 
with  a  colouriiig  matter  raryiBg  according  to  the  tint  of  the  hair.  Together 
with  this  the  latter  i^  niatkerl  with  definite  longitudinal  streiiki,  which 
either  represent  the  borders  of  a^JJacent  hair-scales,  or  depend  upon  the  dl»- 
positiou  in  rows  of  the  pigmentary  molecule»,  which  in  darker  hairs  mAf 
make  their  appearance  in  large  and  broad  groups. 

Ftnally,  the  bard  dry  consigtence  of  the  shaft  of  the  hair  Javoufs 
the  entrance  of  air-bubbles,  which  frequently  occupy  small  elongated 
cavities  in  the  interior  of  the  hair-plates.  We  shall  meet  again  wnth 
a  far  larger  accumulation  of  air  in  the  medullary  mass, 

S  215. 

In  the  precedhjg  section  the  presence,  from  the  lower  part  of  thi^  root 
up,  of  a  peculiar  thin  enveloping  layer,  was  noticed.  This,  as  it  ascenda^ 
ia  known  as  the  ciUtels  of  the  hmn  Close  observation  of  the  bulb  at  Ha 
base  (fig.  392)  shows  us  that,  from  thai  point  on,  at  which  its  cells  ce 
to  he  continued  into  the  external   root-sheath,  the   structure   bscon 
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FäK,  »34— Cutidc  from  the  *hit%  oi  the 
humui  hatr.    One  tp«.'liiitiu  Bbowi  tliO 


clothed  with  a  double  layer  of  small  pale  nucleated  celk  (f/).  Taking  the 
hair  liigher  up,  we  see  the  periplieml  layer  of  these  eella  a^Buming  mure  a 
short  thick  figure,  even  after  they  have  lost  their  nuelei.  They  extend 
A8  far  aa  the  upper  part  of  the  follicle,  where  they  terminate,  Trom  the 
fact  that  they  ate  frequently  met  with  locTseaed  from  the  huir  and 
clingmg  to  the  internal  root*sheath,  they  liavti  been  regarded  by  aorae  us 
repreaeDtiug  the  cuticle  of  the  latter. 

But  the  cells  of  the  internal  layer»  which  are  not  lost  m  we  ascend,  are 
of  greater  importance.  These  remain  fixed  to  the  shaft  tliroughout  its 
whole  length,  and  communicate  to  it  a  peculiar  transversely  striated 
appearaöce.  The  cells  assume,  at  the  upper  portion  of  the  bulb,  a  more 
elongated  form  and  a  fwsition  more  and  mure  oblique  as  regards  the 
surface  of  the  latter.  Losing  their  nuclei  and  becoming  more  and  more 
Hattened  (fig.  392,  /),  they  are  gradually  transformed  into  a  »eries  of 
ohliquely-placed  thin  and  transparent  scales  (ßg.  393,  e,/)  of  0'037 7-^0  045 1 
in  diameter,  which  overlap  each  other  like  tooEug  tiles,  the  lower  lying 
With  their  free  edges  npon  those  above. 
Thus  originates  that  series  of  delicate 
irregularly  undulating  or  jagged  lines 
which  are  seen  passing  across  the  sur- 
face ol  the  fresh  hair  (fig.  394 ;  and 
392^/*/),  connected  in  a  reticular  man- 
ner with  one  another  by  means  of  other 
obliquely  coursing  lines  (I).  We  some- 
times succeed  in  detecting  these  celk, 
on  the  outline  of  the  hair,  owing  to  their 
upper  free  edge  projecting  from  the  shaft 
in  the  form  of  s  rani  I  ridges.  To  show  them  properly,  we  have  recourse  to 
the  action  on  the  ti.^sue  of  solutions  of  soda,  or,  better  still,  of  Bulphuric 
jicid. 

There  still  remains  for  consideration  the  iia:ial  or  mediälart/  matm  of 
the  hair  (2)*  This  is,  however,  no  essential  eonstituent  of  the  structure 
in  question,  in  that  it  is  not  to  be  found  as  a  rule  in  downy  hairs^  and 
is  frequently  abaent  in  part  or  entirely  in  those  of  the  head.  It  presents 
itself  in  the  form  of  a  streak  in  the  centre  of  the  stem,  occupying  about  a 
fourth  of  the  thickness  of  the  latter  (fig.  392,  m,  n  ;  394). 

WliUst  at  the  boundary  between  the  bulb  and  commencement  of  the 
shaft  the  extemtd  cells  become  elongatod,  and  the  transformotion  into 
the  characteristic  hair-plates  commences,  those  situated  internally  assoiue 
m  more  or  less  angular  form  aa  they  become  arranged  in  several  layers  and 
inerensed  in  siie  until  they  may  measure  00151-0  0226  mm.  These 
soon  lose  their  nuclei  and  dry  up  (fig.  392,  k).  On  the  other  handj  small 
eavittes  are  found  in  great  number  Äud  most  extensively  in  the  contents 
of  the  ceUs,  which  become  filled  with  corresponding  bubbles  of  air,  pre- 
8enting<f  owing  to  their  tiny  proportion,  the  appearance  of  fatty  or 
pigmentary  molecules  (fig.  392),  which  they  were  long  supposed  to  be. 
They  communicate  to  the  medullary  subatÄnee  of  white  hair  a  silvery 
appearance  with  reflected  light,  whilst  in  coloured  hair,  whatever  be  its 
tint  J  the  white  axial  portion  shines  through.  By  suitable  treatment  we 
Km  able  to  expel  the  air  from  the  medulla  in  the  same  manner  as  from  a 
thin  section  of  bone,  when,  on  subsequent  dr^'ing,  it  rapidly  fills  again. 

Bemarks.— On  the  optper  ewigen  of  the  cuticuliir  cells  \xemnng  lüote  overted  tife 
tmiiaverafl  lineB  appear  with  grater  tlistiJietapMs.     Hnirs  which  Jmvc  beeö  torn  o^it 
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&«q neatly  displi^  an  ottettsiro  folding  Iwck  of  the  cell»  towwd«  tke  hn}\  |iTiiig  ri«a 
to  üie  AftpeirftDti«  of  ©neif^Eog  fibrp^u  2,  Tbc  modullttTy  portion  of  tlie  hair  ia  the  only 
part  about  whicli  tiiew  exiiUot  ptesent  any  con«idemble  differQiiee  of  opinion.  Th« 
.reseuoe  in  it  of  *ir  Wiw  tnst  poititcil  out  by  GHßih  in  the  Lond.  Med.  Gaz^ti^^  18 IS.  p. 
_44.  On  thift  point  no  doubt  can  he  entertained.  Btinlin  liM  tbß  modiiUnry  mas  to 
b«  •.proceKS  of  thö  papilla  of  the  hair,  coiiuistiug  of  cells»  and  extending  into  the  »hall. 
The  lower  part  i%  a^icording  to  him,  voacukr,  and  mad«  up  of  soft  oefla,  whik  iboyo^ 
the  vesaeb  Mcottie  ohliterated,  and  the  cella  shrink»  making  room  for  tha  r*— "-^ 


I 


la.  some  of  the  niamnialia  »tivh  an  extension  of  lb«  [jNapilla  into  tb«  shaft  of  the  haiT 
6om  take j)la£i:<,  aod  eren  far  up  into  tlit;  lAtter,  but  in  man  it  i»  doubtful  that  thk 
ociniri.  The  repiieepUtion  given  in  the  Uxt  w  thai  most  generally  receired,  and 
pi^bably  the  simplest  expression  of  observation.  It  i«  Hkelj  also  that  many  eom* 
muQleations  exist  hetveen  the  residnnl  celH  whii^h  explain  the  rapid  readmiision  of 
air. 

The  hairs,  liko  cuticle  an<l  the  uaib^  are  mimbered  among  the  so-calletl 
horny  iiifstieif,  in  that  from  them  all,  hy  treatment  with  alkalies,  that  mixture 
of  roetamorphoÄed  albuminous  matters  can  be  obtained ^  to  which  the  name 
of  keratin  {p,  21)  has  been  given.  The  complex  structure  of  the  hair, 
however,  lenders  thia  analysis  of  less  value  than  that  of  the  two  other 
more  simple  tiasuea. 

Microchemical  reaction  shows  that,  in  the  hair  and  its  envelopes,  the 
young  recently-foEm&d  celb  are  still  composed  of  ordinary  albuminoua 
matenals«  so  that  even  the  more  feeble  attai^lca  made  by  acetic  acid  and 
dilute  solution  of  the  alkalies  are  capable  of  destroying  their  menihrane», 
and,  soon  afler,  the  nuclei  in  the  case  of  the  latter  reagents.  This  is  the 
case  with  the  rete  mucosum  of  the  hair  follicle^  the  external  root^eath^ 
and  alao  the  root  of  the  hair.  On  the  other  hand,  we  are  met  by  a  mott 
striking  insensibility  to  the  action  of  chemicals  in  the  cellular  layers  of 
the  internal  root-sheath  and  cuticle  of  the  hair,  with  the  excerption  of 
the  most  internal  portion  of  both  tisines  bordering  on  the  bulK  We 
find  that  even  concentrated  sulphuric  add  and  alkaline  ^oluticms  have  no 
action  on  the  cells,  even  when  the  latter  are  treated  for  a  eon&idörahlo 
time  with  these  fluids.  The  latter  do  not  even  produce  any  amount  of 
swelling  up  in  tie  elements,  so  that  we  have  at  all  eventa  peculiar  kinda 
of  combination  before  us  in  these  tissues. 

The  action  of  sulphuric  acid  on  those  dry  and  homy  cellular  plates 
which  form  the  cortical  portion  of  the  hair,  causeÄ  them  to  sepaimte 
readily  from  one  another,  while  alkalies  ^  produce  a  swelling  up  of  the 
cortical  mass,  and  solution  of  the  whole  when  dilute  and  at  &n  elevatetl 
temperature. 

The  cells  Ukewbe  of  the  medullary  mass  can  he  recalled  from  the 
shrunken  condition  in  which  we  tind  them  in  the  mature  hair  to  their 
original  tense  round  form  by  these  reagents. 

The  transparent  internal  layer  of  the  folUele,  finally,  mantfesU,  as  haa 
been  already  mentioned,  all  the  inseniihility  of  the  elastic  hyaline 
membranes. 

The  solubility  of  hair  in  solutions  of  soda  and  potaah,  with  previous 
swelling  up,  repeats,  as  we  have  already  stated,  what  takes  pWe  witli 
epidermis  and  nail  tissue  under  similar  lieatraent.  The  products  of  Urn 
combustion  of  hair  also  are  similar  to  tliosa  of  the  latter  An  analysis  > 
Van  Lae/i  will  serve  as  an  example  : — 
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C  .  .  *  60*65  per  cent, 

H  ,  •  4            6  "36        ,, 

N  .  .  .  17-H 

O  *  ,  .  20-85 

S  *  .  ,             5^00        ,, 

The  amount  of  sulpkur,  4-5  per  cent,©©eiiis  considerabb. 

But  little  is  known  at  present  of  the  nature  of  that  ditfiised  coloufing 
matter  which  saturatea  the  corticd  tiaaue  of  the  hair,  or  of  the  gmnular 
pigment  of  the  Btmcture.  Those  fatty  mattefa  which  may  be  eattmeted 
in  varying  amount  from  hairs  appear  to  contain  the  ordinary  neutral 
combinations  found  in  otlier  parts  of  the  system*  They  jirobably  have 
their  origiti,  for  the  most  part,  in  the  sebaeeous  glands. 

The  a^hes  of  hair  amouat  to  from  QM  to  1*05  per  cent  They  consist 
of  salts  soluble  in  water,  together  with  pUoBpbate  and  sulphate  of  calcium, 
öiÜcatea  and  oxide  of  iron  {0-058-0*390  per  cent)  Manganese,  although 
formerly  stated  by  Vauqußlin  to  exiat  in  the  hairs,  ha»  not  been  feund 
by  chemists  of  a  later  period*  That  the  presence  of  iron  has  aaything  to 
my  to  the  tint  of  the  latter  is  very  improbable. 

§217. 

Ualrs  are  to  he  found  on  almost  every  part  of  the  human  body.  They 
are  mieaed,  however,  on  the  upper  eyehd,  the  lips,  the  palm  of  the  hand 
and  iole  of  the  foot,  the  last  joints  of  the  fingers  and  Udcs,  the  inner 
surface  of  the  prepuce,  and  on  the  glan«  penis.  Their  siie,  further,  ib 
liable  to  conÄiderable  variation^  as  we  may  see  from  the  range  in  their 
diameter  from  0*15  mm.  and  upwards  down  to  even  001 53  mm.  A  distinc- 
tion is  always  made  between  the  very  pliant  downy  hairs  (ianugo)  and 
tlioae  which  are  stronger,  sometimes  pliant  and  sometimes  stiff.  Ifo 
aharp  distinction,  howeyer,  can  be  drawn  between  them.  The  tbickest 
are  those  of  the  beard  and  pubis.  The  length  of  the  free  portion  also 
varies  extremely,  ranging  from  1-2'"  among  the  smaller  downy  hairs,  to 
4— Ö',  as  on  the  heads  of  women.  Many  hair^  notwithstanding  their 
thickness,  remain  exceedingly  short ;  this  is  the  case  in  the  eyebrows 
(supercilm)^  eyelashes  (cilia) ^  and  bristles  at  the  entrance  to  Ihe  anterior 
nares  (vihri^sm).  The  straightness  or  cnrliness  of  hairs  depends  upon 
the  form  of  their  shaft  In  the  firat  instance,  the  transverse  section  of 
the  latter  is  round  ;  in  the  second,  oval,  or  even  reniform. 

Hairs  ore  found  either  singly,  in  pairs,  or  small  groups.  The  oblique 
diro*^tion  of  the  follicles  also  bringä  with  it  great  variety  of  position  in 
the  various  localities  {Eschriekt).  In  the  several  parts  ol  the  body  the 
number  of  hairs  likewise  is  found  to  vary  considerably,  so  that,  while 
on  the  scalp  293  hare  been  counted  to  the  square  inch,  the  same  super* 
ticial  extent  of  the  chin  has  only  shown  39,  and  on  the  anterior  aspect  of 
the  legt  13  {Withof\  It  is  hardly  nec4issary  to  remark  that,  together 
with  til  is  varialion,  many  individual  difiTerences  present  themmdves. 

The  strtirtnres  we  are  engaged  in  considering  are  rcmarkalde  for  their 
great  strength  and  elasticity.  They  will  support  a  considerable  weight 
without  break ing,  and  return  almost  to  their  original  length  again  on 
lomoval  of  the  extending  force,  if  the  latter  have  not  been  altogether  too 
great.  Owing  to  their  dry  and  horny  coin  position,  they  belong  to  the 
most  durable  of  all  the  tissues  of  the  body  ;  witness  the  hairs  of  munimiea« 
Tliey  absorb  moisture  greedily  from  without — in  the  £rst  place,  aqueous 
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Yapotir  from  the  atmosphere  ;  and  agaia,  through  the  bulb,  from  the  Äuidä 
of  tha  neighbourhootl.  It  is  upon  thb  property  that  the  mterchAnge  of 
iDattars  which  takes  place  in  hairs  is  dependent  The  latter  appean  to 
be  by  no  means  LDeotisiderable^  as  we  may  infer  from  the  rapidity  with 
which  hairs  in  some  instances  turn  grey.  The  appeamnce  of  air  within 
the  medtiUa  follows  upon  a  process  of  drying  up  which  takes  place  them 
The  shaft  of  the  hair,  howeveTj  is  also  saturated  with  the  oil  of  the 
aebiceous  secretions.  As  Heide  Tery  properly  remarks,  we  may  recogniae 
the  physiological  condition  of  the  skin  from  the  state  of  the  Imirs  ;  their 
brtttleness  on  the  one  hand,  and  softness,  piliancy^  and  glossy  appearance 
nu  the  other. 

The  growth  and  the  nutrition  of  these  structures  takes  place  in  a 
manner  exactly  similar  to  that  of  the  nails  (p.  164).  Multiplication  of 
cells  takes  place  by  segmentation  at  the  lowest  and  softest  port  of  the 
bulb,  kept  np  by  supply  of  material  through  the  blood -veascla  of  the 
follicle,  and  more  directly  through  those  of  the  papiU^,  And  just  &s  th^ 
growth  of  naik  ean  be  accelerated  by  paring  the  free  edge^  eo  doea  i  "" 
ting  of  the  ends  of  the  structures  in  question  favour  their  rapid  pit>dil 
tion,  as  is  seen  in  the  beard  after  frequent  sharing.  On  the  other  hand, 
when  both  these  tissues  are  left  in  the  natural  state,  uncut,  they  seem 
eventually  to  reach  a  point  at  which  they  cease  to  grow.  We  have 
already  seen  that  the  nail  may  be  completely  reprodaced  so  long  as  its 
bed  remains  uninjuTed.  The  same  is  the  caae  with  the  hair  if  ita  foUid« 
remain  intact  This  regeneration  is  called  into  play  extensively  during 
the  earlier  periods  of  life ;  and  even  later  on,  renewal  takes  place,  to  supply 
the  loss  of  large  numbers  of  hairs  which  ia  sustained  by  the  healthieat 
body  yearly,  owing  to  disappearance  of  their  roota.  The  hair  destmed 
to  be  cast  off  is  seen  to  be  swollen  at  its  lower  end,  and  to  be  destitute  of 
the  earlier  excavation  for  the  papilla,  Thia  is  the  "  hair-knob  **  (Hoar- 
kolben)  of  Henie.  Later  on,  loosening  from  the  papilla,  the  whole  bait 
splits,  and  breaks  up  into  a  number  of  shreds,  and  becomes  like  a  brush. 
AWwir  estimateii  the  average  daily  loss  of  hairs  from  the  heads  of  yf^ung 
men  to  be,  under  normal  conditions,  from  38  to  108, 

The  phenomena  of  growth  observed  acou^tely  by  Berihold  in  relatioit 
to  the  nails  have  also  been  studied  as  regards  the  hairs.  The  latter  grow 
more  rapidly  at  night  than  during  the  day,  and  in  the  wanner  than  in 
the  cold  seasons  of  the  year  They  are  also  produced  more  quickly  wh^ii 
&ei|uently  cut^  Thus  the  hairs  of  the  beaid  when  shaved  every  twelve 
hours,  show  a  gtiowth  in  the  year  of  12';  when  cut  every  twenty -four 
hours,  only  71*;  ond  when  shaved  every  thirty-six  hours,  only  6  J'. 

§218. 

From  the  extensive  researches  of  Vtdeniin  first,  and  then  Koellikerf  W9 
leam  that  the  ßrsi  rudiments  of  the  haiia  are  formed  in  the  humait 
embryo  at  the  end  of  the  third  and  beginning  of  the  fourth  month,  appear- 
ing first  on  the  forehead  and  eyebrows  (fig.  395).  Here  we  find  nodulated 
or  m  ami  Dated  aggregations  of  cells  (m)  0  0451  mm»  in  length,  belonging 
to  the  rete  mucosum  (Ä),  which  sink  gradually  into  the  cutis  by  a  process 
of  proliferdtion,  pushing  the  adjacent  part  of  the  latter  before  them. 
These  cells  increase  rapidly  in  number,  eo  that  the  collection  soon  becotnea 
larger  and  more  flask^haped.  Around  the  latter  there  may  now  be 
remarked  a  thin  homogeneous  transparent  membmne  (i},  probably  the 
hyaline  internal  lajer  of  the  future  folljcle>  about  which  the  corium  Is 


Rg,  395.— FJmt  miHmimU  of  m  ti»Jr  frcim  tha 
tiiiCDftn  embo'f)  iit  aUteiiti  wcelcs.  a,  A, 
lAVEirfl  vt  ihe  cuticle;  «,  m,  «iLli  of  tlio 
rud^meiitjirjr  htlr;  ^  faT^illiifi  eaTe2ope, 


gradually  tmiiBfonned  into  the  peripherul  portion  of  the  follicle.     Up  to 
thLi  stAgo  the  development  of  sweat  glands  and  hairs  b  identical  (§  200), 

Althtiugh  at  the  commencement  the  whole  aggregation  of  cells  appears 
sol  id  J  and  of  the  ^am&  nature  through  on  t,  a  dinlincLion.  eoon  makes  itself 
evident  between  an  axial  and  peripheral 
portion.  Froru  the  first  is  formed  the 
hair  and  itsinternalroot' sheath,  from  the 
second  the  external  eheath.  The  cells 
of  the  last-named  stratum  are  elongated 
transversely,  while  those  of  the  axial 
portion  of  the  rudimentary  hair  in* 
crsase  in  a  longitudinal  direction.  This 
h  the  state  of  the  parts  in  tlie  eighteenth 
week  of  intrauterine  life,  at  which  time 
the  agglaracration  of  cells  has  attained 
a  length  of  0-226^0  0451  mm. 

Soon  after,  a  new  division  in  tliis  iuternally  somewhat  club-shaped  mass, 
— broad  below,  and  more  or  less  pointed  above,— commences  ;  the  outer 
layer,  nainely,  with  its  cells,  is  transformed  into  the  clear  transparent 
internal  root-sheath,  whilst  the  axial  part,  which  becomes  the  bulb  and 
shaft  of  the  bair,  remains  dark.  At  this  period,  also,  the  papilla  may 
be  clearly  seen» 

The  true  hair  thus  comraunced  is  at  first  short,  and  surronnded  by  a 
very  atrong  internal  root-aheath^  but  without  any  recognisahle  medullary 
BubataDce,  It  then  gradually  increases  in  length,  passes  between  the 
undermost  cells  of  the  epidermis,  ami  perforates  the  latter  either  immedi- 
ately or  after  turning  on  itse4f,  and  taking  an  ohlicpie  coursft  for  a  certain 
distance. 

The  other  hairs  are  developed  in  a  manner  exactly  similar,  but  later. 
At  the  enii  of  the  sixth  or  commencement  of  the  seventh  month,  moat  of 
them  have  made  their  appearance  through  the  epidermis.  Tlie  haira,  so 
appearing  by  perforation  of  the  cuticle,  are  thin  and  light-coloured. 

In  regard  to  the  regeneration  of  hairs  it  must  be  remembered  that 
many  of  the  downy  ones  are  cast  otf  during  intra*uterine  life,  and  become 
mixed  up  with  the  waters  of  the  ovum.  After  birth,  however^  this 
change  of  hairs  increases  in  amount,  the  now  appearing  in  tho  place  of  the 
old.      Even  at  an  ad  van  ceil  age  this  regeneration  does  not  cease  in  man. 

^  Among  the  mam  male,  as  is  well  known,  a  very  extensive  renewal  of  hair 
takes  place  periodically.  In  regartl,  however,  to  th^se  processes  there 
still  exists  considemble  differttnce  of  opinion. 
It  was  Koef!iker  lÄ-ho  lirst  observed  the  regeneration  of  hairs  in  the 
beliJs  of  the  infant  (fig.  396).  From  his  statements  it  will  be  seen,  in 
tne  first  place,  that  the  bnlb  of  the  old  hair  separates  from  its  papilla, 
from  which  the  rudiments  of  a  new  structure  are  produced  in  the  form  of 
a  conical  mass  (.4,  ni). 

Above  this,  consequently,  lies  the  loosened  hair  {dü\  horny  down  to 
the  very  bulb.  This  rudimentary  structuro  {B)  is  transfonne^i  into  hair 
bulb  (/)  and  shaft  (6A),  with  inner  root^heath  (*/)»  in  a  mnnuer  pre- 
cisely similar  to  that  wo  have  already  si-»c?n  in  tlu3  formation  of  hair  in  the 
embryo.  The  inner  root-sheath  of  (he  old  hair  diBa]>|>ears  from  the  com- 
mencement^  and  the  new-comer  drives  its  point  by  the  side  of  the  first, 
which  is  displaced,  through  the  outlet  of  the  follicle  ocreupying  the  whole 
af  the  latter  as  Boon  as  its  former  occupant  falls  out.     KoeUiker  has  also 


•Iwvliw  «rw  fpratfloa  If  hate^  Of  Iwii«»  flf  iIh 
—    A.  eMly,  ^  later fftuwqf  ikiLlummiil.    a. 
ail,  «L  iBEiRval  rat-Mcrth;  4  biil^  aad  ^ 
flf  Uke  Aid  kalr:  i,  i  '  '  "  ' 

»  «f  ivMiHliiiiid«:  e« 
of    ' 


«r  tlM  lair  £roOi  til*  old 
IflpOk,  fnm  wbtti  we  and  «Uli«« 
bATft  oem,  is,  we  oöaaider,  ^ilito 
correet  Whetber  it  iucliidea  tu 
tbüoecanat  tlie  Uate  of  chfts^, 
k  «BQtliet  q^eidaii, 

Aeeording  to  Stieda'9 
M,  cm  tht?  c»tbt!r  hftnd,  the 
piplke  of  thosB  ham  whieli  ait 
to  Im  eisi  off  dffgniefst«. 
A  fMiiu«  of  thode  hiiliireiCTl 
fbcsaltire  cells,  howciTc?,  ffam 
whkK  ^  we  baye  tc«iit  tlie 
f  pecifie  ÜBsue  of  the  hair  is  fomrttl 
(}  2H)t  TCDUuifl  bebind  in  tbe 
fundus  of  ibe  follicle»  commeiteee 
tbiai  to  grow  downwaids  into  ibe 
aati%  and  bteomi»  t-nppid  % 
pp^aing  down  npon  a  new  papiUa 
ridng  and  formed  ftom  the  latter. 
From  this  wUttlaj  mass  efsreiing 
the  papula  the  new  hair  talb«  ita 
origin. 

That  the  whole  atnictiirfr'— fol- 
licle, outer  Toot^ibeatb,  and  Ijair — 
may  be  newlj  fomied  undi^r 
uonnal  eo^dttiona,  at  a  Itiier 
period  of  .life,  appears  pn>babUs ; 
occmrenee  to  be  the  ntle  üi  th« 
^rhis  re4iutf«%  however^  more  care- 


indeed^  Wertheim  belieTet  «neb  an 
change  of  hair  in  the  hutnan  being. 
fill  inveetigation. 

Pathological  neoplaais  of  hauTs  and  follicles,  on  tlie  othet'  hand^  doea 
<iGCiir  withont  donbt  under  the  most  e^ciraordinarj  circunistane^t.  Haiit 
are  met  with  on  mucous  membranes,  but  only  extTeraely  ratvlr ;  again, 
on  the  internal  surface  of  follicular  tumours  or  cysU  in  the  skin  and 
OTaries,  in  which  case  the  wall  of  the  cyst  lias  been  found  to  have 
assumed  a  similar  constitution  to  the  outer  skin,  and  to  contain  nol 
only  h^ir  and  aebaceous  glands,  but  also  sweat  glands.  Tnuisplantation 
of  liatTB*  together  with  their  folUcle«,  eucceed»  likewise. 

Search  among  the  follicles  often  brings  us  into  contact  with  hairs 
destined  to  fall  ont.  These  havo  parted  from  the  papilla  upon  which 
young  celb  and  pigmentary  matters  are  to  be  seen.  The  appearance  of 
tbeir  rtx>U  is  also  altered;  they  seem  as  though  broken  up  into  fibrea» 
resembling  in  fignre  the  end  ijf  a  broom,  and  are,  like  the  wliole  hair, 
fmler  and  fre«  of  pigment.  Beneatli  these  the  rooUsheaths  and  follicles 
are  narrowed  for  a  greater  or  less  distance,  and  in  the  latter  smsil  newly- 
formed  hair»  may  be  met  witk 

§219, 

The  tissue«  we  have  been  engaged  in  describing  up  to  the  preient^  are 
r^ombined  in  various  ways,  and  under  great  variety  of  oniwerd  form,  to 
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jtitlipse  the  several  organs  aiid  apparatuses  of  the  body.  These  oigans, 
'.J^SSfB  perfarmanees  are  dejjeudeut  on  the  individaal  qualities  of  the 
wnaiiii  tiasues  of  which  they  are  composed,  present  far  greater  difficulties, 
OS  r^ard«  their  claRsificatioiif  than  the  tissuea  themsäves  (§  64),'^the 
more  m,  as  ive  are  unable  accurately  to  define  what  is  precisely  meant 
by  an  QTgiUi,  If  we  compare  the  many  apparatuses  of  the  body,  we  find 
the  greatest  diflbrences  existing^  as  regards  their  construction.  Some  of 
Ihem  are  formed  in  the  simplest  manner  of  one  single  tissue,  as,  for 
Ingtanee,  the  naiJa^  the  Icus,  the  vitreous  humour.  Their  performances, 
in  auch  eaa^s,  may  also  agree  with  the  physiological  ener^  of  the  tissue* 
Other  organs,  however,  are  combinationa  of  several,  of  maJiy,  nay,  even  of 
most,  of  the  tissues  of  the  body.  It  will  suffice  to  point»  hy  way  of 
example,  to  the  organs  of  vision.  Thus,  here,  as  in  the  class ificati on  of 
tissues,  the  systematic  worth  of  the  terms  simple  and  Compound  seem  to 
iiecommend  them  for  nse.  This  principle  of  division,  however,  can  be  by 
no  mmm  so  strictly  adhered  to  here^  owing  to  the  multitude  of  organs,  m 
was  the  case  in  deeding  with  the  tissuee. 

It  is  a  common  mo^te  of  classiBcation  among  anatomists  to  group 
the  organs  of  the  body  in  particular  ^jstmm.  By  this  we  understand 
the  arrangements  of  parts  together,  which  are  found  to  he  identical  or 
similar  aa  regards  the  liner  composition  of  their  tissues.  Thus  the 
preseint  divisions  into  nerves,  mnscles,  osseous,  and  vascular  systems  have 
beea  arrived  at.  We  also  speak,  however,  of  a  digestive  and  generative 
system,  where  this  similarity  of  texture  in  the  various  parts  makmg  up 
the  whole  by  no  meana  exists.  Thus  in  the  many  manuals  which  treat 
of  these  subjects  the  greatest  dtflerencea  as  regards  claaaiJication  may  be 
observed. 

It  may  be  found  most  expedient^  then,  if  we  base  the  third  section 
of  this  work  upon  the  principle  of  physiological  Classification,  and  make 
gpae  of  the  old  division  of  organst,  into  those  which  take  |>art  in  the 
^t$Q€iative  occurrences  of  tlie  body,  and  those  belonging  to  the  animal 
side  of  life.  It  cannot  be  denied,  however,  that  this  Classification  will 
not  everywhere  hold  good;  for  in  the  wonderful  linking  of  parts  one 
with  another  there  occur  many  intermediate  forme.  Thus  nerves  and 
muscles  make  their  appearance  in  apparatuses  belonging  to  the  vege- 
tative sphere,  blood  and  lymphatic  veBsels,  and  glands  in  animal  organs, 
and  so  on. 

Starting  from  this  point,  then,  we  come  to  another  mode  of  grouping  parts, 
namely  into  apparaivses^  that  is,  a  combination  of  a  number  of  organs  fur 
the  carrying  out  of  some  one  physiological  purpose.  A  system  and 
appamtus  may  correspond,  as  in  bony,  muscuLir,  and  nervoua  portions  of 
the  body,  but  do  not  necessarily»  Thus  from  one  point  of  view  there  is 
such  a  thing  as  a  digestive  and  respiratory  apparatus,  but  not  a  diges^ 
live  and  respiratory  system.  The  following  is  our  classification  of 
oi^nt: — 

A,  Belongiag  to  the  Vegetative  Group, 

U  Circulatory  apparatus, 
2«  Respiratory  apparatuft, 
%  Digestive  apparatas. 
4.  Urinary  apparatus. 
5i  Generative  appamtua. 
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B.  Belonging  to  the  Animal  Group. 

6.  Bony    appaiatus   or  system. 

7.  Muscular  apparatus  or  system. 

8.  Nervous  apparatus  or  system. 

9.  Sensory  apparatus. 

Having  been  obliged,  in  speaking  of  the  different  tissues,  to  refer  fre- 
quently to  their  arrangement  in  the  formation  of  various  organs,  or  their 
constitution  within  composite  apparatuses,  the  discussion  of  this  third  pari, 
or  Topographical  Histology,  wiU  be  very  irr^ular  as  regards  the  several 
parts.  The  chief  object  to  be  kept  in  view  wül  be  the  description  of  the 
finer  structure  of  organs,  with  reference  to  that,  in  the  microscopical 
relations  of  the  same  which  could  not  before  be  brought  under  notice. 
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III.  THE  ORGANS  OF  THE  BODY. 


A.  Organs  of  the  Vegetative  Group* 

1.  Girculatgiy  Apparatus. 

§220, 

Aa  we  have  already  considered  the  blood  and  lymphatic  vesaelü  in  the 
second  part  of  our  work  (§§  201-21 1),  we  shall  here  be  «d gaged  merely 
with  gleanings  from  what  has  heen  previously  referred  to.  Thua  we  have 
to  describe  the  h^aH^  the  h/mphatic  glands  and  hjmphfUh  argam^  with 
the  splemt  aa  well  as  the  remainder  of  tlie  so-caUed  blQod-yas€ülar  giands. 

The  hmri — the  mtiscular  central  organ  of  the  circulatory  ujatem — 
COEsieta  of  the  pericardium,  a  seroui  sac  (which  has  been  previoualy 
referred  to,  p.  226)  of  muscle,  and  of  the  so-called  endocartlium.  The 
latter  ia  analogous  to  the  Jl  intima  of  ki^r  vesselii  (§  204),  while  the  fieshy 
tnasa  of  the  organ  corresponds  to  the  mua* 
Ciliar  layers  of  the  latt^.  Many  modifi- 
cations, however,  are  apparent 

The  perimrditim  corresponds  in  its 
ie^cture  to  many  of  the  true  serooa  sacii. 
It  present«  for  consideiBtion  a  thick  pari« 
etal  and  thin  visceral  portion^  The  latter 
1^  connected  with  the  lleshy  ma^ss  of  the 
organ  by  meana  of  that  connective-tisane 
known  aa  aubaeroua,  and  shows  espe- 
cially in  the  gTooves  of  the  heart,  but  at 
timea  alao  over  nearly  its  whole  gurfat^e, 
oollectiona  of  fat  ceils  (p.  198). 

The  vessels  of  this  structure  have 
nothing  special  about  them,  and  iha  n^rm$ 
of  the  parietal  layer  are  Bopplied«  accord- 
to  Lm^kOj  by  the  right  vagus  {mmu9 
reGmrm^)  and  phrenic.  The  ^itheUum 
[haß  been  already  dealt  with  at  p,  139, 
tind  the  fluid  content«  of  the  sac  at  p> 

no. 

We  have  like  wise  considered  the  stri- 
ated muscle  of  this  involuntarily  acting  oj^an  while  speaking  of  mustle 
generally  at  p.  292* 

The  connection  of  the  reticuJarly  united  muscuJar  fibres  one  with 
another  (fig.  397)  ia  very  peculiar.     They  are  not,  aa  in  other  striped 


F^i;.  itr«^llil«eto^bPMi  fnivn  the  hearty 
»tier  Sekmi^fftr  SmkL  lalht  right  ttio 
bmindATtet  of  tla«  «II«  lad  Ih«  ]i««kt 
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muscle,  collected  into  bundles,  exceptlog  the  tntheculi^  carneWt  m.peeHnaH 
and  papilläres.  The  single  fibi-ca  lie  rather  closely  crowded  side  by  eidej 
held  together  by  a  small  <juantity  of  eoniiecti?&-tissue. 

As  is  well  known,  the  strength  of  the  fleshy  masa  varies  much  in  the 
different  divisions  of  the  heart.  It  is  most  massh^e  in  the  left  ventricK 
thin  in  the  two  auricleij  and  weakest  in  the  right  of  these.  The  cour^ 
which  the  fibres  take  is  also  very  complicated^  for  which  reason  wo  shall 
confine  tiurselves  to  only  a  few  of  the  chief  pointe  of  interest  as  regards  it. 

The  coarse  of  the  fibres  of  the  heart,  which  is  different  in  the  auricles 
and  ventricles,  may  be  divided  into  longitutlioü.1  ond  circular.  This 
distinction,  however^  can  only  be  made  with  accuracy  as  regards  the 
auricles,  and  not  the  Tentriclea.  It  is  a  remarkable  fact,  farther»  that 
some  of  the  muscular  fibres  are  common  to  the  two  auricles,  and  another 
to  the  two  ye  utricles,  while  each  of  these  four  parts  possesses  also  its 
special  fibres. 

The  starting-poinj»  of  the  fibre«  of  the  heart  are  usually  held  to  ho 
the  two  annular  masses  of  fibres  which  encircle  the  ostia  vmosa  of  thi 
ventricles^  known  as  the  annull  fihro-cartüagin^L  They  consist  of  very' 
strong  connective-tissue,  with  very  delicate  elastic  fibres.  Sometimes 
their  tissue  assumes  a  similar  appearance  to  that  of  the  perichondrium  %% 
its  trans  it  ion  into  true  cartilaginous  tissue. 

From  these  rings  the  fibres  take  their  origin,  and  return,  after  travelling 
round  tlie  cavities  of  the  organ,  to  be  inserted  into  them  again,  thus 
forming  loops.     In  consequence  of  this,  both  auricles  and  ventricles  mtuslJ 
contract  towards  these  points,  the  bases  of  the  ventricles,  during  iyetole^ 
of  the  organ. 

In  the  auricles  we  encounter  in  the  first  place,  as  most  mtemal  layer, 
bundles  of  fibres  springing  from  the  miium  vmomm,  and  forming  a  serie» 
of  loops,  which  arch  over  the  cavity,  producing  a  kind  of  doma     From 
their  peculiar  development  in  the  right  auricle  they  give  rise  to  thd  fiu.i 
peciinati.     Tliis  layer  is  enveloped  by  another  stronger  one,  formed  of 
circular  fibres,  which  is  in  the  first  place  distinct  for  each  of  the  aariclea^  ] 
and  then  specially  developed  on  the  anterior  aspect  of  the  organ,  ill 
includes  both  of  theen  in  common.     Finally,  surrounding  the  openingt  J 
of  the  veins  we  find  circular  fibres,  continued  to  a  certain  distance  over  ' 
the  waJis  of  these  vessels. 

The  arrangement  of  the  fibres  of  the  ventricles,  however,  is  more 
complex.  In  the  first  place,  it  may  be  remarked  that  the  left  ventrido  1 
possesses  a  special  set  of  fibres,  The  right  has  likewise  its  own,  which 
are,  however,  so  arranged  as  to  strengthen  the  muscular  mass  of  the  leflv 
being  produced  into  it  Finally,  fleshy  fibres  are  to  be  seen,  which > 
starting  from  the  left  ventricle  and  returning  to  the  same,  surround  in 
their  course  the  right  cavity  in  loops. 

It  may  be  remarked,  namely,  that  from  the  fibrous  ring  of  the  left  side, 
and  from  the  aorta  also,  in  the  whole  circumference  of  the  ventricle^  * 
n umber  of  longitudinal  fleshy  fibres  take  their  origin,  which  descend  on 
the  one  wall  in  its  outer  portion,  and  bending  round  at  the  af^ex  of  the 
hearty  return  in  the  inner  surface  of  the  opposite  wall  to  the  annulmfibrüi 
cartüaginma.  Owing  to  the  oblique  course  of  these  fibres,  they  cross 
each  other  at  the  apex  of  the  left  ventFricIe,  fnrming  there  the  so^c^lled 
vortex  of  the  heart.  In  the  right  ventricle,  likewise,  we  meet  with  an 
origin  of  fibres  from  the  anntdu^ßbro-cartilaginem.  There  one  linih  of  the 
loop  pursues  a  course  in  a  similar  manner  down  to  the  apex  of  the  right 
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c&Yity,  but  pasiee  then,  not  into  the  apposite  wall  of  the  mm%  but  into 
the  wall  of  the  left  ventricle^  arriving  eventually  at  the  left  Jibroua  ring, 
wherta  it  terminates.  § 

Besides  this  peculiar  arrangement  of  the  fibres,  which  is,  howeveTj  on 
the  whole  a  longitudinal  one,  there  is  also  a  circular  set  This  takes  its 
me  from  the  left  annuius,  and  surrounds  the  wall  of  the  left  ventricle  in 
figures  of  eight,  while  other  fleshy  bundles  arising  in  the  same  region 
envelope  the  right  chamber  in  simple  loops.  These  different  masses  of 
fihres  lie  between  the  longitudinal     From  the  right  annuins  also,  though 

(In  much  smaller  number,  einiilar  tibrea  take  their  rise,  encircling  the  wall 
of  the  left  Teniriclo  in  the  same  kind  of  siimple  loops«  Fiually,  we  have 
another  set  of  circular  fibres,  which,  epringiug  from  the  nght  annulus^ 

L?etum  to  be  inserted  iuto  the  same,  encircliag  in  their  course  the  emits 

The  musculfe  papilläres  ore  formed  both  from  the  longitudiual  and  traßs- 
verse  Hhres, 

In  conclusion,  we  must  devote  a  few  lines  to  those  peculiar  structurea, 
discovered  in  the  year  1845  in  the  hearts  of  horses,  cows,  sheepj  and 
pigs,  which  have  been  named,  in  honour  of  the  discoverer,  the  fibres  of 

These  pre^nt  themselves  as  flat  grey  jdly-like  threada,  sprefld  out  in  ti 

reticular  manner,  immediately  under  the  endocardium^  ou  the  internal 

Surface  of  tho  ventricles.     They  penetrate  further   into   the   musculae 

papilläres,  and  stretch  across  various  depreeaiona  in  the  walls  of  the  heart. 

Pltrh'njc'4  fibres  {which  were  subsequently  found  to  exis^t  in  the  hearts 

of  deer  and  gpata)  are  etructures  whose  iiguiticance  is  fur  from  being 

Sunders  to  od  as  yet     W©  may  eee  that  they  consist  of  rows  of  round  or 

polygonal  nucleated  bodieSj  rangetl  side  by  side,  or  one  over  the  other, 

which  have  received  the  name  of  **  tho  granules."     Between  these  is 

I  noticed  a  plexiform  or  reticulated  arrangement  of  the  6o-caUe4  **  interstitial 

f.Bnhstance/'     The  latter  consist«  of  thinner  or  thicker  fihres  of  striped 

muaele,  which  can  be  followed  into  the  substance  of  the  heart.     Those 

cell-like  bodies  which  lie  in  the  interstices  also  frequently  present  a 

trausvcrse  and  longitudinal  striation,   and  may  unite  finally  with  the 

smrounding  atriped  network  to  form  etronger  muscular  fibres. 

For  our  own  part  we  look  upon  the  whole  as  a  strange  complicated 
ititerlaeetnen*  of  cardial  or  endocanlial  muscle  fibres,  which  have  remainsd 
stationary  at  an  embryonic  stage  of  development  We  refer  the  reader 
to  the  genesis  of  the  latter  (§  172), 

|22L 

All  the  eavitiee  of  the  heart,  with  their  ine<|ualities  and  projection«,  ute 
clothed  with  an  endocardium  of  varying  thicknesa  This  structure  is 
thinnest  in  the  ventriclea,  where  it  is  presented  to  us  in  the  form  of  a 
delicate  membrane,  and  thickest  in  the  airmm  stiiwf /tim,  where  it  forms 
A  tough  lining. 

It  consists  of  several  layers.  As  a  suhfltratum  may  be  recognised  an 
elastic  lamina  with  abundant  elastic  fibrous  networks,  and  corresponding 
poorness  in  connective^ tissue.  Internally  appears  a  Bpecially  dense  lamella 
of  an  elastic  network  supporting  a  coating  of  simple  eDdothellunt  (p.  139). 

The  eitornat  layer  contains^  beBides,  in  the  ventricles,  smooth  and 
transverse  muscle  fibras  ;  but  in  the  auricles  only  a  few  scattered  contractile 
fibre-cells  are  to  be  found  (Schiteif^er-Smdel). 
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The  valvee  l>etween  the  auricles  and  Yentriclea  {vatvulm  trimspidaleg 
and  miiraltM)  are  dapHcalnres  of  endocardium,  with  a  strong  middle  layar 
of  fibrous  tiasue,  derive^  principally  from  the  fibres  of  the  amiulusfibro- 
curiilaglneuä^  and  expansions  of  the  tendons  of  the  musculi  papilläres. 

On  one  aspect  they  ai^  clothed  with  the  strong  endocardium  of  the 
auricle,  on  the  other  by  the  thinner  of  the  ventricle. 

Under  the  ürst  of  these  endocardia  muscular  bands  are  prolonged  into 
the  valves  from  the  muscular  anhatance  of  the  auricle  penetrating  to 
various  depths  (Gumfenhaur). 

Finaily,  the  whole  h  covered  with  simple  endothelium.  The  semi- 
Lanar  vdves  also  of  the  arteries  have  a  similar  structure,  except  that  the 
middle  layer  is  thinner. 

The  liood^t^esseh  of  the  heart  present  in  it^  muscular  subsi^ioe  the 
most  typieal  form  of  the  elongated  me^h-work  (p.  370),  Several  c«pil- 
lariea  pass  immediately  and  together  into  one  strong  venous  fooL  The 
ready  outtiowing  of  the  blood  ii  thus  better  provided  for  than  elsewhere. 
The  endocardium  is  only  provided  with  vesselä  in  its  iinJerniost  conu« 
tive-t issue  layer.  Ä  few  may  also  be  seen  in  the  fturieulo-Tentric 
valves,  but  none  in  the  semilunar  (Gerlach). 

The  heart  is  supphed  with  ij/mphaiic  vcasds  hi  considerable  number,  and 
according  to  Kberih^  Belajeff^  WedL  The  two  leaver  of  the  pericardiuin, 
as  well  as  the  endocardium,  contain  dense  networks  of  coarser  or  finer 
trunks.  In  the  interior  of  the  auricle«  they  appear  more  scanty  than  m 
the  ventricles.  In  the  chord oe  tendineas  on  the  other  hand,  they  are  Dot  to 
be  found,  and  in  the  semilunar  and  auriculo- ventricular  valves  are  only 
present  in  small  number.  The  tleahy  gubstrmce  of  tlio  heart  does  not 
appear  to  be  m  richly  supplied  with  them  a«i  was  formerly  supposed  by 

The  nerm$  of  the  heart  have  their  origin  from  the  cardiac  plerus,  whicsli 
is  itself  made  up  of  bmnchea  Irom  the  vag\is  and  sympathetic 

The  course  of  the  numerous  nervous  stems  is  alongside  of  thö  blood* 
vessels  until  they  spread  out  in  the  auricles  and  ventricles.  The  aurid« 
are  poorer  in  nervea  than  the  ventricles,  of  which  the  left  ia  the  mosli 
richly  supplied  The  nerves  of  the  heart  appe-ar  more  or  less  gr*?y,  and 
consist  of  line  medullated  tubes  with  an  intermixture  of  M^mokii  fibrtss. 
They  terminate  for  the  greater  part  iu  the  muscle,  while  some  of  them 
may  be  tmced  into  the  endocardium.  All  eflorta  to  elucidate  thß  mode 
of  ultimate  termination  here  have  hitherto  proved  futile  in  man  and  th» 
mammalia  generally.  The  occurrence  of  numerous  microscoplcidly  small 
ganglia  is  also  peculiar.  The  latter  appear  on  the  nerves  imbedded  m 
the  aubstance  of  the  heart,  especially  in  the  neighbourhocd  of  the  trmn^j 
verse  groove  and  septum  veutriculorum. 

Fhysiology,  as  is  well  known,  has  brought  to  light  the  interesüng  fact  ^ 
tliat  these  two  kinds  of  tibre  elements  are  entirely  different  in  function, 
WhUst  the  sympathetic,  namely,  preside  over  the  contraction  of  the , 
muscle,  having  their  chief  centres  of  energy  in  the  ganglia  just  referred  I 
to,  so  that  the  heart  continues  to  pulsate  after  removal;  the  vagus  fih^l 
mente  txerciaes  a  completely  opposite  inüaence^  causing,  when  stimulated, 
an  interruption  to  tlte  motor  power  of  the  sympathetic  elements,  and  to  such 
an  e^ttent  also  that  the  heart  comes  to  a  standstill  in  a  condition  of  diastola 
[E*  Weimer),     It  is  possible  that  the  hbres  of  the  vagus  may  terminate  in 
the  cardiac  ganglia,  i.e,^  in  their  ceUs. 

Regarding  tlie  compomthn  of  the  muscle  of  the  hmt%  vid^  cheiEd«tr]r  of 
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miijcular  tissue  (§  170,  p.  2d5}.     The  occurrööce  ia  it  alone  of  inoaite  ia 
i%  imi  ot  great  interest. 

The  structure  of  the  arteries  and  veins  has  been  al^mtj  discuseed  in 
}f  203  and  204,  that  of  the  capillaries  in  §§  ^Ul  and  202, 

5  222, 

We  Jitiw  lurn  to  the  considemtiün  of  those  pecalinr  heaii-shaped  and 
very  vascular  organs,  the  If/tnphalie  glands  or  lymph-twde^^  which  occur 
ill  the  bodiee  of  the  higher  vertebrates^  intorrupting  the  course  of  the 
lafgier  abgorbent  vestelg.  They  are  met  with  in  greatest  number  on  the 
lymphatic  trunks  of  the  intestines,  and  at  those  points  where  superficial 
and  deeper  sets  of  vessels  join.  It  not  un frequently  cornea  lo  pass  that 
one  single  vessel  is  in  this  way  interrupted  over  and  over  again  hy  sucli 
nodee^  and  it  is  pro  bah  le  that  every  trunk  in  its  course  from  the  peri- 
phery to  the  diiclins  thorticicujs  has  at  leai^t  one  such.  In  tbose  lymph- 
nodes,  which  are  not  very  minute  (tig.  380,  a),  we  usually  lind  several 
lymphatic  twi^  penetrating  into  their  interior  from  the  convex  border. 
These  are  the  va^ta  affrreniiu  (f^f)*  From  tlie  other  side  either  one  or 
more  vessels  {in  the  lirst  case  olf  greater  calibre),  make  their  exit,  knuwii 
OS  the  ^)ma  effcrentia  (h).  This  takes  place  as  a  rule  at  a  polut  where  a  kind 
ni  depression  may  he  observed,  and  where  the  larger  blood- vessela  enter 
the  organ.  This  spot,  when  the  depression  is  present,  is  named  ttie  hilus 
(Ä),     It  is  entirely  absent,  however,  in  many  glands. 

The  intermd  arrangement  of  the  lymph-nodes  is  a  point  most  difficult 
to  determiue,  and  it  is  only  very  recently  that  any  sati.sfactory  insight  haa 
been    gjained    into    their  ^^^^ 

minute  structure.  Wo 
learn,  besides,  from  recent 
obser  vatio  n  s,  tha  1 1  h  e  oi^ne 
in  question  display  consi- 
derable variety,  both  as  re- 
gaida  volume,  compared 
with  the  size  of  the  mam- 
mal body,  and  also  their 
locality ;  so  that  the  struc- 
ture, for  instance,  of  a 
large  lymph-node  from  an 
03C,  and  a  small  one  froui 
A  rabbit  or  Guinea *pi^, 
exbibiti  great  diilerence. 
Were  this  axiom  allowed 
it»  dujB  weighty  we  shoidd 
.be  spared  many  un profit- 
Able  eon  trove  mies. 

In  those  lymph -nodes 
which  are  not  altogether  too  small  we  can  distinguish  a  reddish  grey  cor- 
iktd  portion,  consisting  of  round  bodies»  ÜiefuUidm  (d),  and  a  darker 
spongy  mediälanj  j^rtum^  composed  of  the  tubes  and  reticular  prolonga- 
tions {€)  of  these  follicles. 

Each  lymphatic  gland  is  enclosed  in  a  thicker  or  thinner  fibrons  enve- 
lope (fi),  moderately  vascular,  and  consisting  of  ordinary  connective-tissue 
cells,  fibrillated  interstitial  substance,  and  elastic  elements,     A  cnatinuou« 
layer  of  muscidar  tissue  do^s  not  occur  in  this  envelope      The  outer 
27 


niAtiCülly  nlven«  with  O^e  course  of  the  ivmpb^   a.  t^c  envp* 

iopcj  h,  lepta  bftdrcen  th*  fwllS-'^*  -  - n  uf  rho  eortidal 

jKfrlloii;  c  lyitero  i>f  wpt»  or  i  .  pi>rt|0T),  down 

la  Uie  liüiu  of  thtt  orKAn ;  '^  b>  rli«  mednlLftrr 

m«» ;  /  dlffertF&t  Jynvphitlc  sir,™,,,-  ^,,.,Ji  nurromid  tbe 
foU'»cl«4,  ttrd  ll'i'W  iliroiij^lii  ihe  InreraTlcra  of  the  mediiUiirji' 
portion  I  p,  confloence  np  thf»?  pä3»[ii(5  thTfUgli  the  cfferont 
ve«%«l;  A,  AL  ihs  btitu  ol  th»  org-an, 
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pDitiou  of  the  tissue  in  question  meq^ea  into  a  iormlaea  ootmdcUre^ tissue 
mass^  not  infrequently  very  rich  in  fat-cells, 

IntemaUj  the  capsule  gives  off  a  very  extensive  ajstem  of  either  simple 
or  extremely  complicated  septa  (b^  b^  c),  which  divide  the  interior  of  the 
organ  into  a  number  of  intercommunicating  cavities  by  splitti^üg  up  and 
again  becoming  united.  These  spaces  are  occupied  by  the  proper  lym- 
phoid tissue. 

The  septa  correspond  in  structure  with  the  tissue  of  the  capsule. 
They  consist  of  Bbrüus  connective- tissue,  intermixed  with  smooth  mus- 
cular fibres.  These  latter  are  found  in  certain  cases  in  large  number, 
as  in  the  inguinal,  aatiUary,  and  mesenteric  glands  of  the  ox  (^Hu). 
According  to  Schwartz^  the  muscular  fibres  at  the  line  of  junction  of  the 
medullary  and  cortical  portions  have  a  principally  radiating  arrmngi&ment 
The  partitions  of  which  we  are  speaking  usually  spring  from  the  interiof 
of  the  capsule,  with  broad  bases,  between  the  rounded  ends  of  the  folHclej^ 
descend  perpendicularly  between  the  latter,  and  undergo  a  change  below, 
where^  as  we  shall  soon  see,  the  lymphoid  tissue  presents  likewise  a  dilTer- 
ent  arrangements  At  the  transition  from  cortical  to  medullary  substaiM^H 
a  general  spILttLug  up  and  subdivisioa  of  these  coitnective-tissuo  plm^^| 
take  place,  the  latter  decreasing  greatly  in  thickness.  But  no  foliicla  » 
completely  ensheathed  at  its  under  sur&ce  in  this  system  of  septa.  On 
the  contrary,  either  one  or  several  gaps,  or  even  wide  deficiencies,  are  lel^ 
through  which  the  follicular  tissue  comes  into  immediate  contact  with 

the  medullary  substance, 

/•, ^^ 


•-•* 


In  the  same  way  the 
partitions  passing  in- 
wards between  adjacent 
follicles  may  be  int€^- 
rupted  by  raaasive  bridges, 
as  it  were,  of  lymphoid 
tissue,  by  which  these 
are  connected  one  wish 
another. 


§223. 

By  means  of  this  ar- 
rangement of  partitions 
just  mentioned,  the  corti* 
cal  portion  of  each  lymph^ 
node  is  divided  into  a 
smaller  or  larger  nuro^ 
her  of  usually  njundiih 
bodies  (fig,  390,  b,  e) 
known  as  the  foUidu^ 
These,  however  (figs.  39S, 
d^  and  3Qd),  do  not  come 
into  contact  with  the  sur- 
face of  the  septum ;  there 
remains  rather  a  remark« 

able  interspace,  of  greater  or  leas  breadth,  between  the  two,  called  usually 

the  investing  space  o/thefolUels  (fig.  399,  i). 
The  follicles  themselves  may  be  either  closely  crowded  togethf^r  or  moti* 

or  less  widely  separated,  and  are  arranged  oom^times  in  a  single  Uyur,  and 


Fti^  399. — Fnlilcle  ftino  ilift  IfmphatEc  frlAnd  of  m  4d^  la  vullcoj 

titcrnal  portion;  ^  of  the  tnoTe  Internal,  ind  c^  cf  the  mcjit 
«xt^niil  Jind  fine  1 7  webbed  p^rt  tin  Lhe  vuKacc  ff  the  ralllcke; 
d,  oii^nof  «  thick  t]rmph-tuii«:  t.  thn  S4me  of  fttbkijiier  fine; 
X  capial«  ;  ff*  tepU  :  ^^  diTlülnn  oroni^  of  ttm  L&Tter;  i,  Inrett- 
lri£  B\Mtti  ot  the  folLldC:  «lib  Itt  z^ttniCiiJA;  A,  >u  eJIcreiii; 
jU,  Atuchment  of  thA  Ifmpb-tnlie«  to  the  >«F<^^ 
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öomctimee  b^ded  in  several  rows  ODe  over  the  other.  Owing  to  tMa,  Üie 
depth  of  the  whole  cortical  portion  in  the  different  lymphatic  gknds  ia 
liable  to  great  variation. 

Further,  the  diamcteT  of  the  follielea  varies  according  to  the  species  of 
animal,  and  abo  the  region  of  the  botly.  It  may  mage  from  0  3760  to 
I  1*279,  or  even  2*2558  mm,,  and  npwards. 

The  form  of  these  congtituents  of  the  organ  ia  generally  roundish, 
bulging  greatly  towards  the  circumiereuce  of  the  gland.  Exception», 
however,  are  frequently  met  with  here  also.  When  closely  crowded^  the 
follicles  of  the  cortical  portion  exliibit  usually  a  certain  amount  of 
aceommodatiou  towards  each  other^  lea^Jing  to  a  more  or  less  delinite 
polyhedral  flattening  of  each,  Besiiies  thia^  the  fact  that  the  foUiclea  are 
pointed  at  their  interuai  portion,  which  is  directed  towarda  the  msutre, 


'<&« 


^ 


Plfr  40ft.— Rf  HcbIw  CQimtctlve  fubsUnc-c  from  a  Pepfr'§  fi^llklo  of  ma  Old 
rabbity  vhbch  tuA^  bJh  b«  tnid«  ilm?  of  ci4  r9ii'in[<Hi>>inE^  Ihci  itructureof 
the  fulUelcj  of  Ljiniib-piideA,  a^  tbe  tmyiURiA^n  ,■  i>,  rtlk^lairU  agj-ten* 
tietdar  itiaitter  oi  cuatiectlv«-tii«afi  wft^  tbrtmk«]!  cvU-boülei;  e,  Ijmpti- 

in  quite  apparent  in  most  casea«  so  that  the  whole  presents  a  somewhat 
pear-«hap»fd  form  (fig,  398)*  More  djütinctly  pronounced  variations  may 
be  mot  with  when  in  the  cortical  portion  of  a  lymph-gjand  several  rowa 
of  folhclea  are  crowded  one  over  the  other. 

With  the  tiBsue  of  the  follicles  {fig.  400)  we  have  already  been  made 
acc^uainted  (§  117,  p.  1^5),  It  consists  of  reticular  connective-tisaue, 
formed  of  the  well-known  cellular  network,  in  all  directions  continuona, 
with  roundish  polyhedral  or  irregularly  shaped  meshea.  It  is,  however, 
liable  to  vary  greatly,  both  as  to  the  bodies  of  the  cells,  the  number  and 
«traagth  of  their  proeeeaea,  and  the  breadth  of  the  meshes  formed  by  the 
iiitezlftoement  of  the  latter.  These  dififerencea  depend  upon  the  age  and 
liifgeacenoe  of  the  lymph^glaud,  and  also  npon  its  state  aa  f egarda  health 
and  diaeaae. 


no 
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If  a  lymphatic  glaud  from  a  new-born  child  bo  examined  closely ,  it 
wUl  be  seen  that  in  some  part  ai  each  nndal  point  in  this  network  thero 
18  a  distinct  cell-body,  with  a  plump  nncleua  measuring  0 '0045-0*0056 
mm.  in  iliaraeter.  The  breatUli  of  the  mesbes  is  00097  and  0  0160  Bua, 
but  may  me  to  0,013^-0,0226  mm*  The  cellular  nattiro  of  the  network, 
however,  may  at  other  times  be  far  less  evident. 

In  the  adult  we  moat  usually  meet  with  either  a  rudimontarj  shmukeö 
nucleua,  or  indeed  none  at  all,  in  the  but  slightly  thickened  nodal  jicLatfi 
The  openiDga  of  the  meshes  may  be  stated  on  an  average  to  be  OtH13- 
0'019i  mm.     The  septa  may  be  fine  or  coarse,  and  vary  in  many  resp&eti. 

In  ibe  mamtnalian  body  the  same  appearances  are  presented  in  the 
austeniacnlajr  matter^  and  similar  vanetiea  of  the  latter. 

Kow,  though  the  structural  relations  just  mentioned  are  easy  of  recog- 
nition, the  question  as  to  the  peripheral  demarcation  of  the  follicle 
involves  ua  ill  much  diJüculty.  One  thing  is  certain,  namely^  that  they 
have  no  investing  membrane.  We  mAy  see,  on  the  contrary»  that  the 
cellular  network,  whose  meshea  are  largest  in  the  centre  of  the  follicle 
(fig.  31J9,  h)^  becomes  more  dense  towards  tlie  periphery  (ri),  the  meshes 
which  have  been  so  far  of  rotmdish  iigure  assuming  the  form  of  longi- 
tudinal slits  of  considerable  minutiiness.  The  cellulaT  nature  of  the  net* 
work  is  also  more  and  more  lost  lierei  bauds  with  numerous  Tamiiications 
being  moat  abundant.  Finally,  on  the  surface  of  the  follicle  these  fibres, 
aiTanged  like  an  elastic  network  of  great  denseness,  envelope  the  former, 
following  all  its  curves  (^),  The  small  slits  bounded  by  them  usiially 
measure  in  their  greatest  diameter  only  U' 00 81-0  0065  mm.  Through 
these  small  openings  the  passage  of  fl.ai«l,  of  fat  molecules,  and  also  of  ft 
certain  number  of  lymph  corpuscles  may  take  place  with  great  ease. 

As  to  the  investing  space  spoken  of  above,  it  resembles,  as  we  shall  sm 
later  on,  that  of  many  of  Pef/er's  follicles.  It  may  be  observed  surround- 
ing every  normally  couatitufced  follicle  of  the  lymphatic  glands,  though 
it  disappears  under  many  structural  changes  induced  in  these  organs  by 
disease.  It  invests  the  whole  follicle  in  the  form  of  a  perfectly  continnous 
transparent  line,  of  by  no  means  equal  thickness,  however,  at  all  point« 
(%  398 ;  and  3119,  i).  Its  breadth  is  usually  about  0*0194-0  0303  mm. 
and  upwards. 

Within  this  space  a  varying  number  of  lymphoid  cells  are  to  be  seen. 
If  these  be  removed  by  brushing,  a  second  tissue  element  then  present» 
itself,  occupying  the  investing  space,  namely,  a  system  of  solid  fibres  (0, 
which,  springing  from  the  internal  surface  of  the  capsule  and  sides  of  the 
parti tionSi  take  a  radial  course  towards  the  surface  of  the  follicle,  to  be 
inserted  into  the  narrow  meshed  cellular  network  8ituati*d  here.  Thus, 
taking  their  rise  frt»m  the  capsule  and  the  surfaces  of  the  septa,  they  hold 
the  follicle  stretched  and  tense,  as  embroidery  is  fastened  within  a  fmme. 
In  consequejice  of  this,  collapse  of  the  delicate  follicnlar  network  is  pre- 
vented^ and  the  fine  slits  in  the  surface  of  the  latter  are  retained  in  an 
open  condition,^ — provisions  of  importance  as  regards  the  ly  mph-streafn  and 
the  whole  life  of  the  organ.  The  rctinacula  in  question  present  themselvi^ 
either  m  the  form  of  non-nucleated,  coarse  or  hue  Ubres,  or  bands,  usually 
giving  ojf  branches  at  an  acute  angle ;  or  there  may  occur  in  the  DOilal 
points  of  the  former  nuclei  showing  thiit  we  have  to  do  with  a  system  of 
cells.  Here  again  we  have  presented  to  us  the  various  forma  of  that  »o 
varied  group,  the  reticular  connective-tiBSuea. 
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We  BOW  tum  to  the  m&iidlari/  partim  of  the  lymphatic  gliunls. 

Thi«  may  be  looked  upon  in  ita  complex  nature  aa  a  contimiation  of 
the  cortical  aepU  and  the  eubstance  of  the  foÜicleÄ  with  their  investing 
spaces  and  retinacula. 

Under  micro^^copical  analysis  many  varietiea  are  observed  to  exist  in 
thö  natiire  of  this  portion  of  the  gland,  according  to  the  age  of  the  animal 
from  which  the  latter  has  been  taken.  Thus  it  is  more  fully  developed 
m  younger,  as  a  rule,  than  in  older  hodios,  in  which  it  appears  more 
or  leas  degenerated  It  is  observed  to  diöer  also,  to  a  certain  extent 
according  to  the  species  of  * 

animal  examined.  Fin  ally, 
the  meduUary  substance  of 
the  lymph- nodes  belonging 
to  the  interior  of  tbe  body^ 
and  e^pe^ially  to  the  diges- 
tive trael^as  a  rule^  diaplays 
a  higher  degree  of  develop- 
ment than  those  situated 
mora  superäcially,  as  the 
inguinal  and  axillary  glands. 

Let  us  commencQ  with 
the  septal  si/jgtemj  formed  of 
connective- tissue.  This  (fig. 
401,  c),  supposing  it  to  be  Fig.40L 

moderately  developed  ^  is  the  continuation  of  the  interfollicukr  partitions, 
and  consists  of  fine,  but  dense,  conn eetive- tissue  plates  and  baDds, 
uniting  with  one  another  at  acute  angles  at  intervals,  or  dividing  in 
the  aame  way  one  fi-om  another.  Eventually»  in  thß  neighbourhood  of 
the  bilus,  t.^,,  of  that  point  at  whicb  the  efferent 
vessels  leave  the  organ  (&),  the  connective-tissue 
septa  converge  and  unite  to  form  a  common  tibroiis 
mass.  The  latter  again  exhibits  in  its  amount  the 
greatest  variety  imaginable.  Whilst  in  many  of 
the  internal  lymph- nodes  it  is  extremely  insignifi- 
cant, or  even  almost  entirely  absent,  it  may  attain 
enormous  thickness  in  others,  especially  those  lying 
less  deeply,  encroaching  upon  the  lymphoid  tissue 
of  the  medullary  substance^ 

To  til  is  massive  fibrous  structure,  arising  from 
the  union  of  the  septa,  the  name  of  the  eanne^ve' 
tisstie  nucleug  (Frepj^  or  hÜttsstroma  (His)  has  been 
given. 

Turning  to  the  essential,  i.e,^  lymphoid  portion 
of  the  medullary  mass  (e),  we  find  it  to  be  made  up  of  cylindrical  tubular 
element«,  which,  connected  with  one  another  in  a  reticulated  manner,  give 
riae  to  a  peculiar  spongy  tissue,  whose  interstices  corresponfl  to  prolonga- 
tions inwards  of  the  cortical  investing  spaces.  We  shall  spealc  of  these 
cylindrical  dements  for  the  future  as  the  lymph-tuhe«  (♦* medullary  tubes" 
of  ilis)  and  of  the  system  of  lacuna  between  these,  under  the  name  of 
ijfmpk  pasmges  of  the  medtdiuf?/  mbsiance  (cavemons  passages). 

Lei  na  bow  glance,  in  the  first  place,  at  the  lymph- tubea  (figa  402, 


Flf .  401— Ljffl'rH  rube  (r  <m 
»hemuentfihc  ^imTidi<if  k 

•tuaCA  fofintti«  lit«  (tibe^ 
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403,  40i),    These  vary  extremtly  in  thicknesa,  besLJea  wliich  on©  and 
^  the  same  tube  may  eadiibit 

at  different  parts  of  it» 
course  very  diHerent  dk- 
meters.  Fine  lymph  tube» 
may  measure  0  0361  ^ 
or  even  considerably 
across,  wliitst  others  ih< 
a  thickness  two  or  thr 
times  as  great.  Even  in  the 
smaller  mammals  some  may 
he  met  with  of  0*0902- 
0*1263  mm,  iü  diameter. 
In  the  large  lymph-nodes  of 
the  or  tubular  elementt  of 
the  medtilkry  a  u  butane« 
may  he  en  countered  present- 
ing a  still  greater  diametiT, 
K  we  now  paaa  on  to 
the  structure  of  the  lymph- 
tubes^  we  have  the  most 
Btriking  picture  pfeaeiilad 
to  us  on  tilÜDg  the  blood* 
Feesels  artiJicially;  all  the 
lymph-tubes,  namely,  ar» 
traversed  by  blood-vessaH 
60  that  tbey  appear  IJka 
lymph-sheaths  around  the 
latter.  According  to  ihelr 
stTeDgtbT  we  find  the  axis 
occupied  by  either  au  arterial  twig,  a  capillary  (figs.  402,  a ;  403^  or 

a  small  venona  branch.  If^  as  is  the  case 
in  larger  animals,  the  l^^mjjh  tnbes  are  of 
considerable  thickness,  their  vascular  system 
is  n^ore  complicated,  as  is  at*en  in  Jig,  404, 
Q.  Here  alsu  an  arterial  or  venous  twig 
passes  through  the  axisp  while  the  periphenil 
portion  is  traversed  by  interlacing  capil- 
laries  belonging  to  the  axial  vessiel  and 
forming  elongated  me^hc^ 

The  tissue  of  the  lymph-tubes  is  again 
reticular  connective  substance  ;  a  eel  hilar 
or  banded  network  {ßg,  402,  h\  which 
surrounds  the  blood-vessels  and  takes  the 
place  of  an  adventitia. 

In  thick  lymph*tubes  also  the  reticular 
character  may  be  recognised  in  their  in- 
terior. The  surface  likewise  is  often  oh- 
served  with  the  greatest  dintinetne^  to 
have  mesh -like  si  its«  In  hner  tubes^  m 
also  in  thof^o  of  the  smaller  animala,  such 
as  the  rabbit  (fig.  403,  a,  V),  tlie  external  aurfiice  may  become  more  or 
leas   membnmeouji  and   homogeneous,  resembling  a  hyaline  glandular 


Fj(?.  *03,— Ljrmph  tuliu  (a,  ff)  from  th#  täeduDar^pmtlOB  of 
the  imriiiTfMu  ^K/fii  of  the  r»blil^  wUJi  ilmple  vif««!»  snd 
tlielir  bmurlieik  K  ^*  Betwe^n  them  U  lo  t^  ««en  d.  iirofa^glj 
■tretchfd  cvUnjAt  netirork  e. 


^~r\ 


of  ttiD  JD^n^^ii^  gland  qI  the  OK  (An«r 
aU).  a,  LyiTiph-lut>«  ^Wh.  jU  com- 
plLcaJed  ftjtt-em  of  vi'h<:1i;  t^  porttOQ 
of  HnoEher:  if,  trptA;  ft.  rKtiQAcnlB 
itretcbed  betwevii  the  tube  «ad  Oie 
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tube  to  a  certain  ex.ent     This  variety,  m  the  demai'catioii  of  the  forma^ 

iioBS  in  question,  is  explained  by  the  changeable  nature;  of  reticular 
cotmective  snbatatice. 

We  aiie  now  met  by  the  (]U  est  ion  a,  whence  come  Üiese  Ijraph  tubes  t 
\n^u  their  orufin,  and  uhat  Ifccmnes  of  them  / 

It  is  compamtively  easy  to  recognise  the  origin  of  the  lymph-tube« 
from    th<5    foUiclca   (fig. 

A 


405).     They  spring  from 

the  under  surface  of  the 
flatter  {d^  e\  and  it  ap< 

pear»   always  neveml   of 

them  tcigether.     The  sua- 

taotacular  matter  of  the 
(.foUiele  becomes  the  band- 
ed network  of  the  lymph- 
tube,  and  the  blood-vessel 

of  the  latter  enters  the 

follicle  at  this  point    At      ^SV^^^^BUL^iHli^^lP?^^  '^^ 

this    under   surface    the 

septal  system  is  very  fre- 
I  quently  extremely  impei^ 
'feet;  comp.  %  40 L 
fitasing  on  now  to  the 

oo&Bideration  of  the  se- 
cond   question,    namely, 

What    becomes    of    the 

lymph    iuhm'l    nothing 

ironld  aeem  more  oiituful 

— ^beating  in  mind  tho  parallelism  of  the  latter  with  the  blood-veeaela — 

than  that  they  «ihould  converj^o  towards  the  hilus  of  the  organ,  forming 

eventually  by  their  condueiicK,  and  on  separating  from  the  latteTf  the 
.«KM  effertns;  and»  imleed,  this  utterly  incorrect  view  of  the  stale  of  parts 
I  lias  been  put  forward  by  some.     More  accu- 
rate observationf  however^  of  the  meduDary 

portion  of  the  gland  convincea  us  that  no 
^auch  tiling  takf^a  place ^  but  that  the  net* 

irork  of  the  tubt^s,  just  as  It  took  its  rise 

on  tk*e  one  hand  from  follicles,  so  is  it  on 

the  other  hand  continuous  (subject  to  many 

variations   certainly)   with    other  follicles 

(fig.   401).     Consequently,  in  this  highly 

developed    reticular    arrangement   of    the 

lymph  tubes  of  the  medaJJary  substance, 

we  have  nothing  but  a  Vcrt/  eompJieaUd 
,'^l^tcm  of  intc}*rommunicftiwjj^  between  the 
mfoUitks  of  the  hjmphatic  itodes. 

Eecogniding  now  the  medullary  moss  as 

a  network  of  lymph-tubea,   we  must,  of 

eoiiree»  expect  to  meet  with  a  correspond* 

ing  system  of  interstices.     Throughout  these  lacunce  (sometimoa  in  the 
r  greater  pajt  of  them  (fig.  388»  h)^  sometimes  only  in  some  few)  the  syeteni 

of  connective- tissue  sepia  with  which  we  have  been  already  made  a<5- 

quainted  extends.     But,  as  was  before  obeeni'ed,  in  r^gswd  to  the  ptrti 
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tiOBS  in  the  eorttcal  portion,  the  aepta  do  not  come  into  ocmt^t  wtUi  Ih« 
lymphoid  Bubstauec  here  eilhef.     On  the  contrary,  we  find,^ — aft  in 
first  ease,  to  here  also, — the  lymph- tubes  and  septa,  or,  where  tha  T 
art  absent^  the  Jympb-tabes  alone,  separmted  from  one  another  hy  m 
rower  or  broader  Interval  analogous  to  the  üxrestiDg  space  of  the  loUkleL 

There  now  remaine  for  considersUon  the  coutentä  of  these  retidv' 
passages  of  the  meduDaxy  substance^  Here,  as  in  the  iiiTesting  i 
the  foUicles,  a  certain  number  of  lymph-corpiiacles  are  to  be  founds  wtikhl 
may  be  removed  with  a  brush.  Besides  these,  we  observe  that  a  oon»  ■< 
jieetiTe-tiaiue  network,  with  a  varying  amount  of  nodal  points,  nudel,  and 
processes,  occupies  the  passages  with  wide  straggling  meeh^  (fig,  406,  6; , 
40d,  I).  Spiinging  on  the  one  baad,  from  the  septa  of  the  gland,  its  fibr«0  j| 
«ink  on  the  other  into  the  reticular  tissue  of  the  lymph-tube,  or,  whem ' 
there  are  no  septa,  connect  one  lymph -tube  with  another. 

Not  unfr^uently  in  tlie  me»<-nteric  gUnds,  as  for  instance  in  the 
pancrmM  ÄBdlii  ot  the  rabbit,  some  very  interesting  points  in  reifaitl  to 
the  oellutar  network  occupying  the  interstices  of  tht;  mednlkry  >  /     .     ^ 

may  be  observed 
c).  The  bodies  o£  the  xiUj 
appear  tense  and  swollen  ;j 
they  have,  moreoTeTf 
membmne.  Their  j 
or  ramifications  are  lilce^J 
wise  thickent^  and  broad. 
Within  both  th^  bodiM 
and  their  proccaaes«  h^ 
sides  soft -looking  nuclei, 
isolated  lymph  corpuaciw 
are  to  be  seen  ( W.  MuUm'f 
Frey\  which  may  have 
come  there  either  by  im- 
migration  or  possibly  br 
generation  on  the  spot 
The  possibility  of  this 
latter  alternativa  mmaina^ 
however,  still  a  matter  of 
uncertainty. 

If  we  foUow  up  the  f«ü< 
cular  interstice^!  of  the 
medullary  mbatanc«  to  Iht 
boundary  of  the  latter,  we 
have  no  difficulty  m  ?«- 
oogiiising  tbe  fact  fedpeci* 
aily  if  we  cany  our  eye 
along  one  of  the  partitions) 
that  they  lead  into  the  iovesting  spaces  of  the  follicles  (fig.  405), 

From  all  this  we  le^im  that  the  lymph-nodes  ana  formed  of  a  system  of 
cavities  (imperfectly  bounded  by  septa)  which  are  occupied  by  lymphoid 
matter — in  the  cortical  portion  by  the  follicles,  and  in  the  medullafy  by 
the  lymph-tubes — but  sJways  so  arranged  that  the  lymphoid  t^betafice 
doea  not  come  into  contact  with  the  tibrous  septal  syslcoL  Thoa  v» 
ttave  both  a  series  of  spaces,  encasing,  as  it  were,  the  foliidei^  (inf^sttag 
spaiseft}^  and  a  system  of  mtefcommanieatmg  pasaagse  eavelopii^  Ike 
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I^m|>b4ubefi  (the  hmph-pftflsagea  of  the  medullary  portion.  Throughout 
thifl  extremely  complicated  cavity  in  tho  larger  lymph-glands,  then,  a  net- 
work of  fibrous  bands  and  cells  extende,  springing  irom  the  ljmplioii.1 
itibstanee  on  the  one  hand,  and  is  attached  to  the  sepiu  on  the  other, 
holding  the  whole  lymphoid  aust^ntacular  matter  in  a  tense  conUitlün. 

Wc?  must  now  tnm  to  the  more  active  portions  of  our  organ,  namely, 
the  blood  and  lymph  alrtüams. 

§225, 

Artificial  injection  of  the  blood-vessfU  of  lymilMtodefi  is  a  matter  tif 
but  alight  dithculty.  It  ahowa  u&  that  the  oi^na  in  question  receive 
their  supply  of  blood  from  two  different  sourcea  of  unm|ual  iraportanot. 
The  lai^er  arterial  twiga  in  the  iirst  plac«  posi  into  the  septa  and  glandular 
tissue  through  the  hilua  without  exception,  while  the  smalJtsr  branches 
penetrate  through  the  capsule  into  the  interior.  The  last  mode  of  supply, 
however,  is  probably  not  always  present,  though  others  are  wrong  who 
asaert  that  it  docs  not  exist  at  all. 

Passing  through  the  hilus  in  the  first  place  then,  one  o?  severul 
small  arttjrial  trunks  ui-o  seen  which  give  off  their  first  braucbca  ^vhilu 
within  the  connective-tissue  situated  here.  With  the  connective-tissue 
a  small  nuinher  of  theee  branches  pass  into  the  system  of  septa  wilhid, 
ramifying  with  further  division  towards  the  periphery.  Moat  of  tLe 
arterial  twigs,  however,  penetrat«  into  the  lynjpb-tubes  of  the  medullary 
substance,  and  pursue  their  way  within  the  oifsets  of  the  lutter.  Among 
the  BUI  aller  lymph -tubes,  such  as  those  of  the  pancreoB  Asdlii  of  the 
rabbit  and  Guintm  pig,  as  well  as  the  mesenteric  gknda  of  man,  each  of  the 
furmi^r  coutnins,  as  a  rule,  but  one  single  axial  vessel,  either  a  small  artery 
vein  or  capillüry.  In  lymph-tubes  of  gri^ater  diamtster  several  of  these 
may  be  met  with,  or,  as  is  the  case  in  the  inguinal  gkinds  of  man  und 
lymph-uodes  of  the  ox,  these  elements  of  the  medullary  Bubstancc  contain 
within  them  a  tliiek  arterial  or  venous  axial  vessel,  and  a  long-roeshed 
capillary  network  amimd  it  (fig.  406),  whose  tubuJt^  have  a  medium 
diameter  of  0 '0046-0  0090  mm,,  and  form  a  most  delicate  interlacement 
about  th^  central  vessel  Passiivg  from  the  more  external  lymph-tubes^ 
th«»e  twigs,  together  with  their  capillaries,  enter  the  fuüicles,  and  occupy 
a  coueiderable  portion  of  its  space^  terminating  eventually  in  a  very  loose 
and  rather  irregular  capillary  network.  The  latter  exhibits  at  the  pt^ripbefy 
of  the  follicle  where  it  is  uiost  highly  developetl  as  a  rule,  numbers  of 
loops  on  the  tubes  from  the  unioa  of  which  the  venous  radicals  take 
their  origin,  wiiieh  lie  more  internally,  Theee,  on  leaving  the  follicles» 
penetrate  into  the  lymph- tubes,  and  return  (imitating  the  arrangement  of 
the  arteries)  through  these  to  the  hilua 

Tiie  second  source  of  supply  of  blood  is  the  capsule  of  the  lymph-node 
which  is  traversed  by  arterial  venous  and  capillary  vessels.  The  fiist  of 
iliBse  appear  in  the  bases  of  the  interfoJUculur  partitions  as  horizontal 
twigK^  which  divide  finally  into  finer  branches  encircling  the  various 
follicles.     The  veins  of  the  capsular  tissue  have  a  similar  course. 

Internally  the  greater  numl^er  of  these  capsular  vessels  sink  into  the 
ßepta,  communicating  there  with  others  coming  from  the  hilus. 

Other  twigs  (rarely  arterial  or  venous,  but  usually  capillary)  ^iter 
the  follicular  tissue  it^eif^  laking  a  course  through  the  stronger  rotinacula 
of  tbe  investing  space  or  through  the  partitions. 

We  shall  find  later  on  that  other  organs,  such  as  the  spleen,  iiYet^  and 
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kidnejS}  exbibii  a  dmiLir  connection  between  the  rcssels  of  the 
cbjmä  and  capsule. 

For  the  recognition  of  the  course  of  the  hßnph,  also,  we  require  the  aid^ 
of  artiilcial  injection.    This  may  be  enccessfully  perfonned  t!irough  the 
Offerent  though  not  easily.     On  the  other  hand,  it  may  be  very  eoailj 
eli'ected  by  H^tC^  method  of  puncture  beneath  the  capsule.     The  troi 
course  of  the  lymph  tlirougb  the  gland  wa^s  however,  first  aBCertained  hf^ 
myself  in  the  year  I860,  and  shortly  afterwards  by  Hin. 

The  affertmt  Itpnphatic  vesneh  (fig.  408,  /,  /)  enter  the  oi^n  either 
aingly  or,  as  is  the  case  with  larger  nodes,  in  j^rcater  number.     Their  walls 
are  thb,  and  ihey  eicbihit  eonsiderable  variety  of  diameter  and  richne» j 
in  valves.     There  may  also  be  one  or  several  efferent  vessels  leavtag 
glands.     They  have  a  aimilar  stnicture  to  the  last 

Their  fxiinl  of  exit  may  be  a  depression  like  the  hilui,  although  not 
necessarily,  so  that  the  distinguishing  of  afferent  and  efferent  vessels  fraa 
ane  another  is  not  always  an  easy  matter. 

If  we  cautiously  force  in  some  injecting  fluid  through  one  of  the  vesselftJ 
leading  iuto  the  organ,  the  first  portion  to  till  is  a  series  of  spaces  nnderJ 
the  capsule,  closely  communicating  with  one  another,  and  surround' 
the  foUiele:  this  is  cflected  with  great  ease,  Feqiendicular  seetions  shovi 
ttiat  the  fluid  penetrates  also  into  the  interior  by  keeping  along  the  side»! 
of  the  foUicles,  and  in  the  middle  of  the  Btream  the  bauded  network  of 
the  interfoUicular  septa  is  seen  distiuctly. 

What  is  here  produced  artificially  is  e fleeted  by  nature  also.     A  few 
hours  after  a  meal  of  fatty  food,  the  cortical  portion  of  the  mesenterial 
glands  is  tilled  by  white  chyle  in  a  manner  precisely  similar. 

It  requires  but  a  slight  acquaintance  with  the  lymph-nodes  to  eoEvinG«! 
one's  self  that  the  injection  fluid,  in  fact,  on  first  entering  the  organ  J 
Hnds  its  way  into  the  investing  spaces  of  the  follicle^  and,  Jilling  thesa^J 
occupies  thoso  circular  net^vorks  on  the  surface  of  the  latt^er  which  hav 
boon  already  mentioned  above  as  being  O-0 1 6  2^0  "032  3-0*0483  mm- 
bi'oadtL 

Close   inspection  shows  farther  that  the  alTcrent  lymphatic   veesol,^ 
from  tiiat  point  at  which  it  enters  the  capsule,  loses  its  independent 
jf^  wall  by  the  fusion  of  tb*» 

outer  layers  of  the  latt-cf 
with  the  connective4i3äuu 
of  the  capsule.  In  this  way 
it  opens  into  the  investing 
space»  either  in  the  form  of 
I-  a  simple  or  branched  pas- 
^  sage,  Tims  the  eifert«  of 
injection  arc  easily  ex- 
plained. 

It  n^ay  be  mentioned,  as 
a  modiJicatiou  of  this  ar- 
rangement, that  the  alTerenl 
f^g  iQg^  lymphatic  tubes  sometimes^ 

first  pass  for  a  certain  dis- 
tance through  the  interfoUicular  partitions  before  opening  into  the  lym- 
ph atio  spaces  of  the  gland. 

Let  us  hear  in  mind  farther  that  the  investing  spaces  of  the  orj*nn 
are  immediately  continuous  with  the  network  of  intei^tices  of  the  medul- 
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biy  dubstance  (§  224),  uo  that  there  can  be  no  douhl  as  to  the  faiiber 
eomte  of  the  injection  fluid :  it  fills  namely  this  network  of  lympb  pas- 
sage also,  while  the  lymph  tuho^  of  the  niedullaty  «ubstance  remain 
colouflesa  80  long  m  only  slight  preäsujre  k  need. 

From  the  mode  of  termination  of  the  injectioD  we  perceive  that  the 
VOM  efferent  musft  take  it3  rise  from  the  passages  of  the  medullary  portion 
of  the  gland,  in  that  it  is  at  last  filled  by  the  fluid  employed.  It  is  also 
possible  at  times  to  drive  tho  liquid  back  through  the  va*  eßrreft» into  the 
lyniph  nodü  by  orercomiog  the  opposition  of  the  yalvee.  Retrograde 
injections  of  this  kind  impel  the  matter  used  fi ret  into  the  reticulated 
passages  between  the  lymph-tubes  of  the  medulla^  and  from  thence  further 
on  into  the  inTestitig  spaces  of  the  foUielea. 

The  confluence  of  these  medullary  lymph  streams,  however,  to  form  a 
branch  of  the  rotf  efferent  is  a  point  very  difficult  of  detcctifjn  (fig-  409). 

The  ktter  vessel  which  leads  iuto  the  connective^tissue  at  the  bilus 
undergoes  ther©  further  division  into  branches,  as  haa  heeu  ab*eaUy 
remarked.  These  mtkj  vary  greatly  acconling  to  the  si^  of  the  glaud^ 
and  the  greater  or  less  development  of 
the  fibrous  nucleus  of  the  latter.  En- 
closed within  the  partitions  of  tb« 
medalla,  the  lait  branches  of  the  tas 
efferem  (e)  are  observed  to  eourae  along 
in  the  form  of  tubes  of  various  calibre, 
vfhose  walls  are^  as  a  rtile,  fused  with 
the  surroundiug  counective-tis.sue  (/). 

Finally,  on  ^wnetrating  further  iuto 
tJie  gland  we  observe  that  the  partitions 
which  contain  auch  ramifications  of 
the  vasefferens  become  subdivided  more 
and  more^  forming  series  of  diverging 
hands^  so  that  the  lymph  stream  is  no 
longer  enclosed  within  an  envelope, 
and  exhibits  all  the  reticular  eharacters 
and  irregular  limitations  (d)  charac- 
teristic of  the  iioUow  cavities  of  the 
medulla.  In  fact,  there  can  he  no 
doubt  that  we  have  before  us  the  origin 
of  tho  va«  efferem  from  the  cavernous 
portion  of  the  medulla  of  the  gland. 

It  may  be  remarked^  further,  that  the  vasa  eflerentia  on  their  exit  from 
the  lymph  nodes  present  much  variety  of  appearauce,  depending  upon  the 
size  of  the  organ  and  the  development  of  the  cpnnective-tissue  nucleus  In 
the  neighbourhood  of  the  hilua  Thus  in  the  kilus  of  the  large  mesenteric 
glands  of  the  ox  a  regulär  plexus  of  peculiar^  very  tortiioiis,  and  knotted 
Teasels  has  been  seen  by  Eoelliker^  and  Teichmann  also  gives  drawings  of 
eiioeedingly  complicated  vasa  efferentia. 

From  the  foregoing  description,  then,  the  following  conclusions  may  be 
drawn.  The  vessel  leading  into  the  gland  pierces  its  capsule  in  the  fonu 
of  a  CÄtial,  and  opens  into  the  investing  spaces  of  the  follicle.  These 
lead  then  into  the  lymph  j>assages  of  the  medullary  portion,  from  the 
tionflaence  of  which  the  radicals  of  the  vasa  eiferen tia  enclosed  within  the 
inbatftnce  of  tlie  converging  partilions  are  formed. 

From  thb  we  see  that  really  independent  lymphatic  vessels  do  not 


Fijr.  iOt.—Trmn  the  medullvT  »vtrttiuMM  «tt 
«n  IngtUn»!  gluid  of  a  Iv^t  dog,  <» 
Irtnph  ti^tX!»:  ft,  einptf  riirIctiJat«dpEÄatff» 
#f  tlie  medulU;  c,  Ihr  tarn«  Riled  ;  4  iran- 
titiap  into  the  ci^mmf  ficemflnt  of  a  turlf  of 
the  «oj  *Jffrt«t;  #^  tlte  iKiter  counlng  aJuiif 
wUhhi  A  jührcKU  kcptuin// 


418 


MAirUAL  OF  HISTOLOGY, 


"7^^ 


exist  in  the  glands  in  question,  mid  that  the  viowo  entettain^  to  the 
opposite  effect  are  incorrect,  as  tho^  of  Teickm/tnnj  for  instaiic«^ 

On  the  other  bai*d,  that  older  and  so  widely  held  view  to  wliieh  we  onr- 
teives  ©ubscrihed  for  many  year&  can  no  loDgei 
*_,  be  supportt?d  in  its  integrity,  namely,  that  oiily 

^  '  '  lacunar  circuktion   takes  place   within  the 

lymph  nodes.  The  lymphatic  canak^  namely, 
traversing  the  capaale  are,  as  we  may  eaaily 
convinoe  ourselvea,  lined  with  peculiar  oat 
epithelium  tike  cells  (fig.  410),  aLieady  dealt 
with  in  considering  the  Tasculir  system 
($  ^OS),  llie  investiiig  spaces  am  likewise 
lined  in  the  same  manner,  not  only  on  the 
surfaces  of  the  septa  and  the  retinacula  con- 
nected with  them,  but  those  of  the  follicle» 
themselves  (His).  It  is  still  a  matter  of  uncar- 
ng.410.  tainty  whether  the  lymph  passages  of  Ihe 

medulla  possess  a  aimilar  lining  or  na     This 
matter  eall^,  at  all  events,  for  more  accurate  investigation  ;  for  we  find — 
not  alone  after  artiiicial  injection,  but  also  from  the  str^m  of  lymph  pac- 
ing through — that  small  granules  of  colouring  matters  or  fats  penetimle 
from  the  periphery  towards  the  centre  of  the  follicles,  and  also  into  tho 
lymph  tubes.     They  are  also  seen  in  the  cellular  network  pasaing  acroa«  ' 
the  interstices  of  the  medullary  portion  of  the  gland.     We  know,  forth^, 
that  the  lymph  of  the  afferent  vessels  is  not  nnfrequentJy  poorer  in  cells 
than  that  which  leaves  the  organ.      From  this  fact  we  may  LDfer  that 
from  the  substance  of  the  gland   lymph  corpuscles  are  yielded  to  the 
passing  Üuid.     The  lively  change  of  shape  of  the  cells  of  the  latter,  and 
cenflequent  power  of  change  of  locality  (§  40),  as  well  aa  the  trelli»^like  | 
surface  of  both  follicle  and  lymph  tulie— the  fact,  hnaJly,  which  has  been  ' 
already  considered  in  a  previous  section,  that  cellular  networks  containing  | 
jymph  corpnscles  are  observed  in  the  p^isgages  of  the  medulla, — -all  these 
paint  to  the  probability  of  such  an  additmo  being  here  miide  to  the  fluid. 
Our  knowledge  of  the  ner^am  ^pphj  of  the  lympn  glands  is  at  pressnt 
extremely  scanty.     Some  £ne  nervous  twigs  have  been  oh^rved  by  Kod- 
Ifker,  in  the  larger  nodes  of  the  hutnan  body,  to  pass  in  with  the  arteries 
into  the  medullary  portion ;  beside  which  M^nitk''is  pale  nerve  fibres  have  ' 
also  been  observed  in  the  glands  of  the  ox* 

Rkm ARKS.— L  No  doubt  oin  a.nj  longer  prevail  aä  to  the  pervfooineia  of  tl&e 
Ijfmph  glamk  to  tnali  sol  id  grajiuks.     And  although^  after  tatooing,  molacmlM  of 
ptgmentary  Tnfttt«r  art  liud  dawn  ifi  them  ot^ana,  the  tad  can  be  explained  in  m 
manner  quite  reconcilable  to  thi^  view.     Kvcry  ont  who  has  ever  injected  lymph  nodes  j 
with  any  granular  matter,  and  aft^rwarda  esmyed  to  brash  it  out,  knows  veiy  well  ^ 


with  what  tenacity  the  ipTinules  cling  to  parts  of  the  surface  of  the  mveattng  spmcr. 
That  lymphoid  cell»  p4igstf«s  the  |jower  of  taking  up  ntolecnlei  of  pigmentary  luatttff 
into  their  bodies  lias  already  been  remukcd  it  pw  H*     Why  it  is  that  Firthmc  gtiU 


doubts  the  possibility  of  the  po^iogaef  posMUa,  or  even  gnmuleaof  cinnabAr,  thricmgh 
lymph  gipuds,  is  to  me  somewhat  incompreheoiible. 

§  226. 

It  has  been  long  supposed,  and  rightly  so,  from  physiologictd  eiperi- 
encea,  that  a  lively  interchange  of  matter  takes  place  in  the  lytnph  nodes i 
between  the  blood  and  the  lymph«     The  same  is  taught  us  by  the  changes  j 
produced  in  the  glands  in  queatioa  in  morbid  states  of  the  juices  of  the 
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body^  mfluifested  by  inflammatorj^  appeanmces  trnd  s-wellinga  of  iheme 
organs. 

Thus  we  see  that  the  lymphatic  glands  of  luan  are  liahle  to  yätj  much 
in  structural  appearance,  whicli  must  be  paiily  attributable,  no  doubt,  to 
the  metamorphosea  accompanying  increasing  age, 

^mong  the  latter  may  he  reckoned  the  partial  tranafonniition  of  the 
couneetiv^tisaue  fraraewoik  into  M  cells^  and  degeneration  of  tbe  feticuliir 
connective  subatatice  into  ordinary  ßbroas  tissue,  with  consequent  gradual 
üblitemtioa  of  the  whole  organ. 

A  thiril  dbange  ohservable  in  lymph  nodes  is  true  pigmentation*  Thia 
aflecta  principELÜy  the  bronchial  glands,  and  it  almost  invariably  to  be 
met  with  after  a  certain  age,  though  with  varying  degrees  of  intensity* 
It  mny  be  due  to  the  irritation  of  inflammation  in  the  pectoral  organs* 
Bmait  granules  of  melanin  (]i.  ^2}  am  formed  by  the  gradual  metamor- 
phosifl  of  the  colouring  matter  of  tha  blood.  But  though  this  may  be 
accepted  as  one  son  re  e  of  black  pigmentary  molecules,  the  latter  have  a 
very  diflerent  origin,  moat  pmba))ly,  in  many  other  case«.  They  are, 
namely,  particles  of  carbon  in  a  slate  of  the  most  minute  division,  given 
off  &s  soot  from  lamps,  &c,,  and  inspired  and  conveyed  from  the  lung« 
into  the  lymphatic  glands  (Kitajijf).  But  between  the^e  two  kind«  of 
molecules  we  are  at  present  unable  to  distinguish  with  any  eertaiuty. 
They  lie  utterly  without  order,  partly  within  the  lymph  coipnsclea,  and 
in  peculiar  lumpy  masses,  and  partly  in  the  groundworkof  the  septa  and 
iraUa  of  the  vessels.  In  some  instances  the  follicles  appear  to  be  the 
parts  most  affected,  in  others  the  lymph  tubes  of  the  nHMlulla.  A  slight 
amount  of  this  "melanosb*'  communicatea  to  the  bronchial  glands  a 
mottled  appearance,  while  strongly  marked  it  may  cause  the  whole  organ 
to  appear  uniformly  black, 

11  je  effect  on  the  lymphatic  glands  of  inflammation  of  neighbouring 
jmrts  is  most  evident.  The  meshes  become  narrower  in  the  framework  ; 
the  bodies  of  the  cetb  of  tlie  eame  become  pi  amp,  their  nuclei  undci)^o 
4liv!sion,  while  great  distension  of  the  capillaries  ia  also  observed, — in 
f&ct^  the  whole  gland  acquires  more  or  less  the  appearance  it  presented  at 
[  A&  earlier  age*  Later  on  the  reticular  framework  niay  grow  Inxuriantly, 
the  distinction  between  medulla  and  cortex  ceaaea  to  be  apparent,  the 
lymphatic  eystem  of  canals  disappears,  and  the  whole  organ  becomes  in- 
capable of  functionating. 

The  derelapmetit  of  the  lymphatic  glands  in  the  embi^'o,  as  well  as 
their  nature,  was  until  quite  lecentlj  entirely  unknown.  Tliat  their 
origin,  together  with  the  whole  vascalar  system,  waa  from  the  middle 
germinal  plate,  is  all  tliat  was  known  about  them.  This  had  been  demon* 
stiated  years  ago  by  Reniak.  The  labours  of  Sertoli  and  Orth,  however, 
>  have  recently  thrown  öome  light  upon  the  subject  as  regards  these  points* 
According  to  the  intereating,  but  by  no  means  exhaustive  treatise  of  the 
first  of  these  observers,  thf^re  may  be  seen  in  the  meaenteric  glands  of  the 
ox,  in  the  fin^t  place,  a  system  of  lymphatic  canals  at  that  spot  whero 
the  connective-tissue  nucleus  or  hihis-stronja  of  Ilis  ia  to  be  found. 
Around  this  system  a  quantity  of  connective  tisane,  rich  in  lymph  coi^ 
pusclea,  is  gradually  developed,  from  which  the  cortical  subst-flnce,  in  the 
first  place,  takes  its  rise,  and  then  the  lymph  tubes  of  the  medulla*  The 
investing  spaces  and  cavernous  passagea  of  the  medulla  make  their 
appearance  subsequently,  aa  well  as  the  capsule,  *«;epta,  iind  reticidated 
tissue  connected  with  the  latter. 
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Am  to  tbe  mmpomiwn  af  tlie  lymph  glands  but  little  ia  known.  Th«y 
contain  a  certain  amoimt  of  leucin.  ae  a  product  of  decomposition,  accoiding 
to  BiMder^  and  may  al^*  "^  appearap  contain  uric  acid,  tyrosin(l),  and 
xanihin  (I )  Krause  and  Fucker  state  the  ipecific  gravity  of  the  organs 
in  question  to  be  1014  in  the  haman  being, 

§  227. 

Nearly  related  to  the  oigans  wa  have  juat  been  censidariDg,  we  find 

others  which  consist  partly  of  single  follieles,  and  partly  of  a  numlKT  of 
the  latter  crowded  together  closely,  and  held  thus  by  a  peculiar  connect- 
lug  substance.  These  are  mostly  situated  in  the  mucous  membranes  or 
submucous  tissue.  Among  these  may  be  reckonedj  as  occurring  in  the 
human  being  and  mammalia,  the  so-cdled  trachoma  gkmtk  or  lym^ioid 
füUid&i  of  (lie  cmganctiva^  the  lingual  fMicutar  giands^  and  iomiU^  cer- 
tain irregularly  occurring  fullid^  of  the  gaitrie  mucom  mem^anc  (lenti- 


V\f[.  4U.— Vi?ftleÄlsPrt!flji*f*/yf*rMmjrTMnd  Fijp.  I!2i— Retletilaf  «u*r,nt^rMUr 

from  thentiull  [nteitUifl  of  the  nbHtlU    a,  U«»ueWiweenlhi  ' 

tUJj  ^  &,  4^  foUkl0&.  rerniirorm  fti»p«ni3 

h\U    1.  Deeper  ij-j.i-,    „  '-  .i- 

K  lymph  taiiAlft.  %  Sspcrftid«! 
poruoa I  a,b,  mijili  <;  d*pri«> 
•loa  in  tlie  fnneam  ni«n)litiia« 
lined  with  C)'liiidi.-T  «pittieUaiö. 

cukr  glands),  and  the  mlUary  and  agminuM  glands  of  the  intestine«  or 
Peiief^i  patcltes  (fig.  411). 

that  lai^e  massive  organ,  the  thymus,  may  also  be  mentioned  m  pre- 
senting a  similar  structure. 

This  whole  group,  including  the  lymphatic  glands  themselves»  rmf  be 
named  with  propriety  the  group  of  lymphoid  orgarm.  In  addition  to  theoi 
we  have,  finally,  the  tphen^  thougli  no  douht  a  modified  form. 

In  aU  those  oigans  first  mentioned,  which  belong  to  the  mucotis  mem- 
branes, we  find  the  follicle  as  the  essential  structure.  It  corresponds  in 
its  structure  to  the  analogous  elements  of  the  lymphatic  glands,  and  con- 
lists  of  a  retictilar  substance  enclosing  lymph  corpuscles  (comp,  tig,  400 
and  412).  This  pre^reuta  uot  unfrequently  in  its  interior  a  loose  and  open- 
meshed  appearance,  whilst  more  superficially  the  network  becomes  denseTi 
and  further  outwards  still,  on  tha  surface,  exceedingly  close,  just  as  we 
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have  tmn  it  in  the  l>Tnph-node8  (§  223).  Tbe  vascuJarity  of  these  mmm» 
follicles  is  liable  to  vary  to  a  considerable  extest.  In  some  of  tbem,  saeh 
aa  those  of  the  conjunctivae 

U©  capillaries  only  occur  .-öfks^iKStf'  * 

riiiiarselv,  in  the  form  of 
very  open  interlacemettte ; 
while  in  other  casea  we  o\h 
Bire  an  extremely  com- 
'  plex  and  delicate  network, 
the  tabes  having,  to  a  cer- 
tain extent,  a  radiating 
armngament  when  viewed 
in  tniii3verse  section.  Fig* 
412,  sketched  from  such 
a  preparation  of  one  of 
F^fjef^i  patchy  from  the 
rabbit,  will  serve  as  an 
example  of  the  latter  form. 

Thej^e  rouudetl  follicles, 
sometimes  spherical  and  at 
others  vertically  elongated, 
are  situated  either  in  the 
ibsue  of  the  mucous  mem- 
brane it€e)f,  or  when  of 
considerable  length,  they 
project  down  into  the  sub- 
miKoaa.  Their  upper  por- 
tion [the  cupola  (fig.  414,  d)]  may  be  covered  by  a  thin  layer  of  mucous 
tissue  [conjunetival  follicle  (fig.  416)],  but  may  also  advaut't?  so  far  for- 
wards as  to  be  covetied  merely  by  an  epithelial  coating  lyhip  directly 
on  the  retieukted  sastentacular  tissue  [tonail  Pei/er'a  fulhclea  (fig. 
413)]. 

In  the  middle  equatorial  region  ['*  mesial  or  eqnatorial  tone**  (fig,  414,  a)] 
the  follicle  is  connected  to  a  greater  or  less  extent  with  the  adjacent  parts ; 
sometimes  with  the  neighbouring  mucous  tissne^  which  in  that  case  pre^ 
pents,  for  a  certain  distance,  the  same  reticular  character,  containing  also 
lymph  corpuscles,  and  at  other  points  with  abutting  follicleg.  Thus  we 
see^  for  instance,  in  the  vermiform  appendix  of  the  rabbit — &  portion  of 
the  intestine  consisting  entirely  of  crowded  oval  follicles — that  the  latter 
are  pegnlarly  tinited  in  the  neighbourhood  of  their  equator  by  bauds  of 
lymphoid  tissue  (fig.  412),  whilst  the  whole  lower  half  of  the  folHcle  (the 
base)  exhibits  the  same  continuous  in  vesting  space  as  in  the  lymph  nodes* 
Tlie  analogy,  however,  is  even  more  perfect  than  might  be  inferred  at 
tirst  Sight,  for  careful  observation  teöbchea  that  here  also  a  system  of 
fibrous  sefita,  exist«,  which^  springing  irom  the  submucosal  passes  under 
the  folliclea,  and  sends  up  partitions  perpendicularly  between  them* 
These  spaces  are  even  lined  by  the  same  ehamcteristie  endothelial  cells, 
OS  those  seen  in  the  lymph  nodesp  according  to  His. 

Shoidd  these  extensive  investing  spacer  lie  abacnt,  the  follicles  of  each 
group  are  usually  united  to  one  another  by  mean§  of  reticular  lymphoid 
tissue.  The  Utk^r,  in  contradistinction  to  that  of  which  the  follicle  itself 
is  composed*  exhibits  a  much  closer  texture,  so  that  under  the  mieroscope 
it  appears  as  a  dense  and  non-transparent  layer,  within  which  the  more 


Pef*t"*  pktt-hrt  of  tb«  mw9  uiliniJ*    «,  Ihfl  vMUi^  new 
work ;  b^  at  tbe  krger  elrciJu'  yukIi. 
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looael/  woven  follicles  are  obsetved  to  lie.     Tliis  condition  of  parts  may 
be  seen  ia  the  tonsils  and  conjunctival  follicles. 


<V  <  7 


./ 


/ii^ 


Fiir.  114. — Vfirtlcftl  fitctton  wi  on«  nt  Pt^ftr'M  pmWkm  ftivm  th«  hnmnn  lytXnw,  Injeet^  lhrnu|Bifi  IH* 
Jvmrjliftttci^    A,  ttlll  TTitti  theif  iibiinrb«nt  rjidicl««;    t,  iflnndA  of  £,ie6#rl^]i  j:  r,  mn^^viX^w  cart  of 

of  tlift  TlDi  Into  ttifl  true  mucoiu  mtmbrvnei  A,  rotlculÄtcil  nnuijcctncnt  of  the  nb^nrbeiits  Atxiiii  U»« 
mmlftliuine;  *.  emirsBaf  tyiflbUer&t  th*bt«»«of  Tho  folllplf^j  and  Jt,  tticlr  coDlluonce  to  Hrm  tho 
tymphftUct  of  the  aabroueflSÄ  s  f.  folllcnlw  tlunQ  «f  tUo  Ift£t«r. 

When  this  arrangement  prevails  the  in  vesting  spacer  cannot  be  said  to 
be  entirely  wanting,  they  are  rather  converted  into  a  system  of  narrow 
passages,  which  interlace  upon  the  Biirface  of  the  follicle  "like  the  nel 
upon  the  surface  of  a  child's  toy  Indian  tabher  Vail." 

The  view  that  holds  these  paasaf^t^s  around  the  follicle  to  be  lymphatic 
canals  is  shown  to  be  correct  by  injection  (Jig.  415),  We  observe  that» 
from  the  surfaea  of  the  tnucous  uiembmner  and  mostly  from  the  neigh* 
bourhood  of  the  follicle  generally,  ü.g,^  m  many  of  Pmjev^n  patclies,  from 
tlie  adjacent  vilU  (tig,  414,  a)\  and  in  the  ca^e  of  the  conjunctival 
j(  ^  follicles  from  the  mucous  mem- 

hrane,  especially  on  the  surface 
of  tlie  band  of  onion  (fi^*  4 1 5,  e) ; 
that  lymphatiö  vessel»  which 
take  the  place  of  tlte  vks  aff'erens 
of  the  nodes  are  conducted  to 
the  surface  of  tho  folHcle,  either 
simply  {fig*  4 1 5),  or  with  acortain 
am  on  n  t  o  f  c  0  m  pi  ex  i  n  ter  lac« men  t 
(fig,  4  H ,  f/) .  Arrived  he  re,  they 
open  into  either  the  investing» 
space  or  its  rati  farm  equivalent 
(Üg,4l4,//,  i;  415,  c)- 

Those  submnfious  lymphatic 
vessels»  which  take  on  such  a 
■^Tiriety  of  forms  (fi^*.  414,  Ä:;  415,  a),  are  the  condtiits  corresponding  to 
the  vasa  ttß&rmtia  of  the  lymph  nodes;  in  shorty  the  parallel  between  th^M 


Flff^  41*.— Trachonii  nluid  from  fhv*  oi  In  veHlcal 
»ecMQn  ftnil  wjtn  ^nj^ctfiit  rym|>h«ne canals  a,  siib- 
inuiroiu  tymphjitiE;  vpsfti-h  e.  (lUtilbgtiun  wf  the 
tame  to  the  pt^tf^»  of  the  fotUdi*  6. 
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latt«?  and  the  folliclefi  of  the  mucous  membrane  k alnioat  cosnplole.  Ihe 
latter  may  be  regarded  a^  s^naH  bjmpkaiw  gland«  occur r hi g  in  muam^ 
mtmbrtiitm,  with  which  viow  the  simi- 
larity of  the  pathological  clmngt^s  occur- 
ring m  them  tti  those  observed  in  lym- 
phatic glands,  is  in  perfajt  accoTdano©.  / 

g  228. 

The  Piijtmut  ghtndf  a  double  organ 
whoi^e  function  is  unknown»  and  which 
is,  as  fir  as  wo  ar^  at  present  aware, 
aimilür  to  a  lymph  node  in  structure, 
L*xistÄ  in  full  development  only  during 
the  efirlier  periods  of  life,  falljn;^,  later 
on«  luuie  and  more  a  prey  to  fatty  de- 
peneratiuD.  Thus  it  is  only  exceptiunally 
to  be  recognised  in  the  bodies  of  older 
individuals. 

The  first  point  which  we  observe  in 
the  structure  of  the  organ  is  that,  höside« 
being  exquisitely  labtilatetl,  it  pos&essea 
a  very  va^seul  ar  ft  b ro  us  e  n  v  elope.    0  wi  tig 
tfj  the  fact  that  the  latter  invests  the 
internal  mans  but  very  loosely»  the  glan- 
dular tissue  of  each  half  of  the  orgnti 
may,  after  «evciance  of  the  bio  od- vessels, 
be  disentangled  from  it  in  the  form  of  a 
banddiko   skein.      'Jbe    latter   coni^ists 
everywhere  of  a  venous  and  arterial  twig 
of  accompanying  lymphatic  vessels^  and 
a  peculiar  gland-duct»  knowa  as  Urn  central  canal,  npon  wldch  are  aituaterl, 
externally,  the  lobes  and  lobnli  tjf  the  gland.     When  dissected  out,  the 
whole    ts    of    considerable 
length  (fig.  416,   1).     The 
cenUulcantil,  wliich,  accord- 
ing to  HU^  has  in  the  calf 

diameter  of  only  0T444 
im*,  is  twisted  up  into  a 
find  of  spiral  in  the  natural 
state,  ami  the  lobes  are  in 
close  contact  with  one  an- 
other. 

If  we  proceed  with  our 
analyiiis?,  %vc  tint!  that  eacb 
lobe  is  niftde  up  of  a  num* 
ber  of  smaller  lobuli,  ami 
tie  latter,  enclosed  within 
\  vaacular  envelope  of  con- 
nective-tissue, are  again 
cont  jKiaed  of  smaller  polyhe- 
dral gtruetures,  fliittened 
one  against  the  other,  whofie 
diameter  is  0-5640-1 -1128 


F)g^,  41(1-— 1.  UiKpi'r  i>i»i11nii  of  tlio  (hymn* 
01  ■  fitUi  piK  o*  *"  In  Ifiifftii  atiüwini; 
lh4>  bud-llkt'  1ribu]l  \i\,\\  ^liiiitliilnr  dv» 
mcnti.  t,  OD»  «f  tht*  tlnvmua,  inckifJ}' 
frum  fwtjij  it*  fri'p  f)ucli''l :  A,  ninaU  ctlU^ 
C  Isrgcri  «t,  lAfKer*  wlilii  v>\\  fflotiiiltü, 
!Ti>in  the  oxi  *,/.  c*lli  ewnijlilt  Ijr  fllilfd 
whli  fur-  «t  /,  w about  A  luMeua:  g,  A, 
eonc^ntrlr?  bodtui  ^*  *n  t'ti(-a[«olccl  iiu> 
clejitt'd  cell;  k*  m  ifuJLi|;Nj»Ue  tA\  uc;iiiie  i^r 
M  tlnillmr  nftture^ 


f\it.  417.— Portton  of  thi«  thirmtii  ^  h  caif  (after  Riiu  ahtn^lnn 
the  irteiiiit,«,  and  ttiiniisrlntpi^  b;  iba  eapillAry  netwoT*. 
e;  iiiid  the  tavillt«  of  the  wIq^.  d 

mm,,  or.  in  the  calf,   li  128-2^2250  mm. 
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Tlieie  are  the  elements  of  the  glaii'l,  the  bo -called  granules  or  acini  of  the 
thymus.  At  first  sight  they  remind  ua  forcibly  of  lymphoid  follicles. 
Under  closer  observation,  however,  irjiportant  ditferencea  manifest  theiu- 
selvesw  EjEternally,  these  acini  of  the  thymus  are  separated  from  one 
another  hy  deep  intlünlalions,  whereas,  inlernalty^  they  become  united, 
as  many  as  fifty  of  them  together,  to  form  a  medium-sized  lobe — recall- 
ing to  mind  the  state  of  things  observed  in  the  racemose  glands,  Tfieii— 
and  great  stress  must  be  laid  uj^on  this  j:K>int — the  thymus  element  ap|>eäm 
hollovv^  in  its  interior,  and  the  cavitie4ä  of  the  thick-wdled  acini  of  each 
lobe  unite,  as  in  the  racemose  glands,  to  form  its  com^mon  passage.  This 
then  joins  with  similar  canals  belonging  to  other  lobe^,  nntil^  by  a  repeti- 
tion of  the  occurrence,  the  spiral  central  canal  of  each  half  of  the  organ  is 
jm>dneed. 

Even  in  the  walls  of  this  common  duct,  bulgings  or  attached  acitiip  or 
groups  of  the  same,  may  be  remarked,  so  that  its  thickness  varies  at 
different  points. 

As  to  the  texture  of  the  acinus,  wc  find  that  the  central  c-avity,  occu- 
pying about  i- J  of  the  whole  diameter,  is  bounded  by  a  layer  of  soft 
tissue.  This  consists  of  an  exceedingly  dense  network  of  stellate  cells  of 
reticular  connective- tissue.  Tlie  narrow  meshes  of  this  structure  are  occu- 
pied berei  as  in  the  lymjihoid  follicleSj  by  an  immense  number  of  lymph 
eorpusclea.  A  very  delicate  membraue,  richly  supplied  with  blood-ve^^sets, 
covers  its  surface*  The  blood -vessels,  fürilier,  which  traverse  the  follicular 
tissue,  are  also  very  numeroUnS,  and  possess  the  well  known  sdventitia 
(5  202).  With  the  exception  of  a  few  stronger  twigs,  the-se  are  for  the 
most  part  capillaries  of  0"0U63'0'00Ü8  mm.  in  di^imeter.  Injection  of 
these  brings  out  their  arrangement  in  the  most  instructive  manner. 

From  the  larger  vessels  of  thti  central  band  smaller  twigs  are  given  off 
to  the  lohuli.  Here  they  evenUuiHy  form  (in  the  calf)  delicate  circular 
and  arched  groups  of  arterial  ami  venous  branches  (fig.  417,  n,  h)  around 
the  individual  acini.  Springing  from  these  the  capillaries  are  aeen  inter- 
nally (c)  taking  a  convergent  course,  and  forming  a  most  e^tquisite  net- 
work amid  the  lymphoid  substance.  Close  to  the  central  cavity  they 
double  on  tln^mselvos  (d)  according  to  Hw. 

In  the  thymus  of  the  infant,  though  the  arrangement  of  the  capil« 
laries  is  tlie  same,  an  exception  is  so  far  to  be  seen  to  this  arrangement 
of  part»,  that  while  the  vein  courses  along  at  the  peiiphery  of  the  acinus  as 
in  the  calf^  the  artery  and  it*  system  of  finer  tubes  occupies  the  interior  of 
the  glandular  tissue  near  the  central  cavity  in  a  manner  wholly  ditferent. 

In  the  small  meshes  of  the  reticuhmi  it  has  Ijeen  asserted  t)i«t  numbers 
of  free  nuclei  may  be  seen  (üg.  416,  a)  suspended  in  an  acid,  viscid, 
albuminous  lluid.  The  essential  elen^ent  is,  however,  beyond  doubt  a 
small  nucleated  lymphoid  cell  (b)  measuring  0  0074  mm.  in  diiimeter. 
More  rarely  we  meet  with  large  cells  of  from  0  0040  to  0  001*3  mm., 
containing  several  nuclei,  from  2  to  8.  Eeker  mentions  further,  as  a 
pnenomenon  of  retrograde  development,  that  a  deposit  of  fat  globulcÄ 
takes  place  (d)  in  many  cells,  which,  as  soon  as  the  organ  is  on  the 
decline,  run  together  to  form  one  large  drop,  tilling  the  whole  liody  of  the 
elements  in  question  (e,/).  He  statc-s,  Ix^ides,  that  in  older  cells  he  hj» 
not  unfrequently  observed  an  absence  of  nuclei  (/). 

Hut  there  are  other  structures  to  be  met  w*ith  here  which  are  hy  no 
means  connected  with  the  involution  of  the  thymus;  these  are  the  «> 
called  Ciwceniric  bodie»* 
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Around  ceH-ain  siügle  ccdla,  namely,  wliich  appear  not  tin  frequently  to 
he  undergoing  fatty  motamorpliosisj  or  agaiti^  about  a  group  of  the  ktter^ 
vre  notice  the  fomitttion  of  dense  concentrit;  la^^ers,  which  may  be  seen  on 
closer  exatninalion  to  be  compoaed  of  tlüt  nucleated  cells,  like  pavement 
efiithelia  {Eckc7%  Paulitzktj\  reminding  us  of  the  formations  in  epithelial 
fancer,  so  well  known  to  palhologista. 

Tlie  smaller  examples  of  these  bodies  {g)  are  formed  of  a  group  of  cell«, 
80  me  times  lilled  with  granulcÄ,  sometimes  with  fatty  matter,  nnd  in  some 
ea^es  f^till  possessing  nuclei ;  which  is  surrounded  by  the  thick  laminated 
rind  alluded  to  ;  they  may  attain  a  diameter  of  0'01G9"0'0208  mm.  The 
larger  stmcüireÄ  of  this  kind  {h)^  measuring  Ü'05Ö3  mm.,  are  formed  by  a 
repetition  of  the  process  enclosing  several  of  these  smaller  corpuscle«* 

As  regards  the  hmphattcs  of  tlie  thymus,  wo  are  stilt  comparatively 
ignorant  That  the  chief  stems  accompany  the  arteries  and  vein»  through 
the  central  band,  has  been  already  remarked  above ;  but  besides  these 
there  ai<^  tiner  lymphatic  ve^^els  to  he  sean>  These  at«  found  in  the 
interstitial  connective- tissue  of  the  lobt-a,  according  to  ///«,  in  the  form  of 
delicntt*ly  walled  tubes,  only  coursing  round  the  latter.  They  are  even 
stated  hj  that  observer  to  o^nm  into  passages  about  0  0226  mm.  in 
breadth,  hllcd  with  13*01  phoid  cells,  which  spring  from  the  centre  of  the 
acinus.  Through  these  lubiR  a  comniuaicalion  exists^  according  to  His^ 
betweeu  the  centml  cavity  am!  the  lymphatic  ves&els,  by  means  of  which 
the  cellular  elements  can  pass  into  the  latter* 

From  the  fact,  how^ever,  that  uji  to  the  present  no  one  hai?  succeeded^ 
by  puncture,  in  hlling  lymphatic  vessels  around  the  acini  of  the  thymus, 
(and  my  own  numerous  experiments  also  t*ach  me  that  it  cannot  be  done) ; 
And  as  the  discoveries  of  more  recent  date,  relating  to  lymphoid  organs, 
do  not  seem  favourahk'  to  the  supposition  of  such  an  arrangement  of  parts 
as  //iV  descril^eSf  the  matter  would  seem  Uy  call  for  closer  investigation. 

The  iitial  distrthution  of  nerves  in  this  organ  is  still  enveloped  in 
obscurity. 

As  to  the  rcmqKuntiort  of  the  tliymus  (whose  specific  gravity  is  stated 
at  1  '04G  by  Krait^  and  Fimherj^  analyses  have  been  made  by  Simon  and 
Friedhhen,  The  former  of  these  obtained  from  the  organ  of  a  calf  three 
months  old  J  alx>ut  77  per  cent,  of  water,  circa  4  of  an  albuminous  sub- 
stance, traces  of  fat  and  2  per  cent,  of  stilts. 

The  thymus  of  the  calf  is  further  stated  by  Gompt  Frera*h^^  Staedeierj 
and  Seiterer,  to  contain  targe  quantities  of  leu  ein,  also  hypoxantliin  and 
xanthin,  Yohitile  fatty  acids,  such  as  acetic  am!  formic ;  ako  succinic  and 
lactic  acids,  llie  mineral  constituents  consist  principally  of  phosphates 
and  chlorides  of  the  alkalies,  with  a  preponderance  of  phos<phoric  acid  and 
soda.  *rhe  proportion  likewise  of  the  magnesian  exceeds  that  of  the  lime 
salts.  Sulphuric  aeid  is  only  present  in  small  tinccs.  The  presence  of 
»alts  of  ammonia  is  a  fact  of  some  interest  {Frtrkhs  anil  tStacäelcT).  On 
the  whole,  it«  composition  has  mn\e  resemblance  to  that  of  muscle. 

The  development  of  the  thymus  was  first  explained  by  Simvnf  whose 
statements  were  subsequently  corrohomted  by  Fcker. 

In  the  mammal,  as  far  ns  hns  up  to  the  present  been  asceHained,  it 
appears  fin^t  in  the  fonn  r*f  an  elongated  and  closed  sac  lying  in  front  of 
the  carotids,  which  is  HI  led  with  cells  and  granular  contents.  By  a 
bulging  of  the  walls  of  this,  numerous  founded  prrtminences  are  formed, 
in  which  we  have  the  first  intlicaiion  of  the  future  Jolwiä.  By  a  repetition 
•  of  the  process  the  capsule  of  the  glands  ia  eventually  formed.     A  sub^e* 
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quent  liquefaction  of  the  central  portion  gives  lise  eventually  to  tbe 
formation  of  the  central  cavities.  From  fig.  416,  1,  r^preaenttcg  tiio 
gland  of  a  festal  pig  two  inches  lotigi  io  course  of  developmentj  we  may 
obtain  some  idea  of  tho  process,  and  understand  better  the  at  met  u  re  of 
th©  gland  at  the  period  of  raaturity. 

The  retrograde  development  of  the  gland  takes  place  -with  decrees«  of 
volume  by  tho  formation,  as  has  been  already  remarked,  of  fat  edls  at 
the  expense  of  the  tissue,  by  which  we  are  reminded  of  a  similar  meta- 
morphosis ill  the  lymph  nodes  (^  226),  That  fatty  degeneration  of  ih» 
^land  celis  also  occurs,  bus  been  asserted,  as  we  have  already  said,  by  Ecker. 
The  time  at  which  the  retrograde  process  begins  appears  to  vary ;  it 
lies  between  the  eighth  aiid  twenty -fifth  years. 

We  have  stiil  to  consir^er  in  conclusion  one  other  organ  belonging  to 
the  lymphoid  series»  namely,  the  spleen. 

Owing  to  the  great  difliculties  attendant  on  the  study  of  this  organ,  it 
remained  until  a  comparatively  recent  date  the  subject  of  but  brief  and 
unsatisfactory  research»  But,  lately,  through  tfie  labours,  especially,  of 
Qratjf  Billrofh,  Schmtjgcr-Seidel,  but  more  than  all  of  W^  Müller^  we 
have  been  made  acquainted  with  the  leading  peculiarities  of  \in  structurwv 
In  the  lattiir  it  resembles  a  lymph  node,  even  more  strongly  than  the 
thymus.  In  fact,  the  spleen  may  be  regarded,  as  1  myself  expresaed  it 
many  years  ago,  after  careful  consideration  of  the  eubject,  as  a  lymph 
gland  in  which  the  system  of  lymphatic  passages  is  replaced  by  tho  blixwl- 
veasels;  it  might  be  named,  perhaps,  with  propriety  a  hlf^Ofi  h/mph  fflmti. 

The  organ  prescntsi,  in  accordance  with  this  view  beside ^  nßbroits  env*"- 
lopB  with  a  system  of  trabeculm  or  septan  and  a  äheath-like  Ibrmalion  of 
connective-tissue  arountl  the  vessels,  a  soft  glandular  panmchynuu  Tht* 
latter  is  of  two  kinds ;  it  presents  itself,  in  the  first  place,  in  the  fonn  of 
hjmphoid  foUicIe^,  and  in  th«?  next  as  a  brownish  red  friable  ma  es,  kuown 
aa  the  pulp  of  the  Kpleen.  The  first  of  these  correspond  to  the  elomenU 
of  the  same  naino  found  in  the  lymph  nodes ;  the  latter  is  more  or  k*s3  a 
modiüed  species  of  the  medullary  substance. 

Bene^h  the  serous  covering,  which  may  be  isolated  from  the  organ  in 
Ihe  ruminant  body,  the  fibrous  envelope  or  caprnth  of  the  spleen  appears. 
In  man,  on  the  contrary,  this  tunic  is  closely  adherent  to  the  investing 
peritoneum.  It  ia  seen,  under  the  microscope,  to  he  made  up  of  a  densii 
interlacement  of  connective*tissue  fibrillin,  with  a  prepond**mnGo  of  line 
elastic  fibres,  and  contania  also  unstripcd  muscular  elements.  The  lalter 
are  present  in  large  numbers  in  many  of  the  mammalia»  as,  for  instonee, 
in  the  sheep,  dog,  pig,  horse,  and  hedf^ehog,  especially  in  the  deeper  poi^ 
tions  of  the  envelope.  In  other  animals  of  this  class  they  do  not  make 
their  appearance  in  such  ipiantities,  as^  for  example,  in  the  ox  ;  while  in 
man  the  contraclLle  fihre  cells  are  present  in  but  small  proportion. 

The  capsule  which  invests  the  whole  spleen  is  fulded  in  at  the  [lotni  of 
entry  of  tho  vessels  and  nerveSj^ — tho  so-called  /n7iwä,— and  is  contituied 
further  inwards  in  the  form  of  sheaths  to  tho  various  vessels.  It  itccora- 
panies  the  ramificationa  of  the  hitter  (more  strongly  develr^ped  and  massiv» 
around  tho  arteries  than  the  veins)  down  to  their  fiuest  twigs.  It 
exhibits,  however,  consideriible  variety  in  the  various  epeciea  of  animals, 
a  point  to  which  we  shall  be  obliged  to  refer  agitiu  further  on. 

Besitle^the  «heatha  of  the  vcasels,  and  continuous  with  them,  we  nieok 
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with  another  Prolongation  of  the  libroua  envelope  of  tlie  spleen  dtreeted 
mwarda  in  the  form  of  a  eystem  of  aepta.  In  the  nature  of  the  latter,  as 
regards  the  epleen  of  the  several  manimaUan  animak,  extraordiuary 
variety  has  been  observed.  Just  as  was  the  case  in  the  lymph  node«,  it 
ia  but  very  slightly  developed  in  the  spleen  of  smaller  manimalji,  as,  for 
instance,  in  that  of  the  mouse,  the  squirrel,  the  Guinea  pig  and  rabbit, 
whab  in  larger  animal»,  ae  in  horses,  pigs,  &heep,  and  oxen,  it  attiiina  a 
high  pitch  of  development  In  man,  and  in  the  dog  and  cat,  on  tlie  other 
hand,  it  is  bnt  mc^deralely  marked,  reminding  ua  of  the  lymph  node« 
again.  The  more  numerous  the  trabecuhe  in  any  spleen  the  harder  is  the 
QT^n  found  to  be. 

From  the  whole  internal  surface  of  the  fibrous  envelope  there  eprinji  a 
multitude  of  fibrous  eords  and  bands^  varying  as  to  their  distance  from 
one  another,  and  aa  to  the  angle  at  which  they  are  given  off.  Tbeir 
diameter  is  about  01 128-0-1279,  or  even  2*2550  mm.  These  irabectilm  of 
the  fpleen  tni verse  the  organ  in  all  directions,  uniting  and  again  branch- 
ing in  the  moat  irregtilar  manner.  They  form,  when  in  a  state  of  perfect 
development,  a  very  complicated  eustentacular  tissue.  On  the  other  aide 
they  are  connected  with  the  ahe^ths  of  the  vessek,  or  continuous  with 
the  latter,  especially  the  veins  {Tomm). 

Within  the  iimumerable  irregular  spacea, — formed  by  the  intercom- 
munication of  these  trabecula&^^the  glandular  tissue  of  the  spleen  ia  con- 
tained. When  the  system  of  septa  is  fully  developed,  therefore,  the 
spleen  of  the  l^fgier  animals  acquires  necessarily  a  complexity  of  structure, 
rendering  the  recognition  of  its  nature  of  great  difüculty.  On  this 
account  the  spleen  of  smaller  animals  is  the  most  suitable  object  for 
investigation,  as  was  also  the  ca^se  with  the  lymph  nodes. 

In  its  more  minute  etructure  the  tissue  of  the  trahccula}  resembles  that 
of  the  capsule.  Here  we  find,  again^  a  closely  woven  whitish  connective- 
ttsdue,  with  nuchn  and  elastic  libtes ;  in  addition  to  these,  a!sö,  longi- 
tudinally arranged  niusculur  elemeutsv  The  latt*?r  present  themselves, 
either  in  all  the  iteptA,  as  in  the  ciiso  in  the  spleen  of  pigs,  dogs,  and  eat« 
{Kodliker^  Graij),  or,  as  i^  stated  by  many,  only  in  the  smaller  trabecula*. 
Thus  it  is  in  the  ox  and  sheep  (Koelliker,  Eckert  Biilrüth),  In  man  the 
nnmber  of  muscle  fibres  is  amalh 

S  230. 

Now,  in  the  cavities  aireiidy  described  in  the  prece*ling  section,  amid 
this  system  of  trabecul«;,  the  ghmdnlar  or  hjmphnhi  ivirilon  of  the  gland 
is  contained.  I'his  consists,  as  we  have  already  remarked,  of  a  network 
€if  cords  or  bands,  the  pnlp  tubes  analogous  to,  but  not  identical  witli,  the 
lymph  tubes  of  the  meduHary  portion  of  the  true  lymphatic  gJanclä.  In 
thii^,  and  connected  with  it,  a  nnmber  of  lymphoid  folHclea  are  imljcdded, 
discovered  some  centuries  ago  by  Malpf(/hi\  and  named  in  honour  of  him 
Afafpifjhtan  eorpu^le«  {Miltkörperchett,  3flhblaifchen}. 

In  many  respects  these  are  exceetlingly  like  the  follicles  of  lymphatic 
lf]auda.  They  are  not,  how*ever,  grouped  peripherally  to  form,  as  in  the 
latteTj  a  cortical  portion,  but  occur  scattered  throughout  the  whole  of  the 
pulp*  Their  relation  and  cotmection  to  the  arterial  part  of  Ihe  vascular 
system  is  very  peculiar,  calling  for  a  few  moments'  considemtion. 

It  is  only  rarely  that,  as  among  tlie  ruminants,  the  spIeEiic  artery  make<« 
its  entry  into  the  spleen  as  one  single  trunk :  it  generally  divide«»  into 
sevend  branches  before  doing  so.     Each  of  the  latter  then  preserves  in 
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flE.  418^— From  the  «plem  M  a  piff,    0,  «n  un^rl*!  tw^if 


the  interior  of  tlie  organ  it«  owa  indiriduülity  as  regarda  iU  mmifieaticms. 
Soon  after  there  eommeiiceff  a  most  extensive  division  and  subdivision  of 

the  vereis,  until,  finalij,  the 
latter,  greatly  diminished  in 
size,  form  a  series  of  tertninaj 
groups,  which  have  been  long 
compared  to  the  hairs  of  a  paint- 
brush. But  a  TO  ore  approi>riate 
comparison  has  been  made  be* 
tween  these  **  Paiicllti "  ami 
the  branches  of  a  willow  tree 
diveste^L  of  its  leaver.  Fig. 
418  give«  a  tolerable  reprpsen- 
tation  of  the  arrangement  re- 
ferred ta 

Biawiog  such  a  braneh  out 
of  the  tissue  of  the  «pleen^  we 
may  recognise  on  it  the  follicles 
of  which  we  have  been  speak- 
ing. They  are  of  a  whitbb 
coiuur,  and  hang  on  the  üne 
arterial  twigs  like  grapes  on 
their  stalk.  They  ar»  dther 
attached  by  th^ir  border  to  thd 
artery,  or  the  latter  tmveraa 
their  interior;  or,  finally,  the 
angles  of  division  of  such  a  series  of  branches  may  be  surroanded  hj 
number«  of  them  for  a  considerahle  distance.  In  form  Üiey  are  aom»* 
times  sphepDulaL,  sometimes  more  or  le»s  elongated. 

Such  spleen  corpuscles  are  to  he  found  in  all  the  mammalia,  altboiigh 
presenting  much  variety^.  In  the  human  organ,  however,  they  are  lew 
libtinct  as  i%  rule  than  elsewhere;  and  in  bodies  which  have  eulferod  from 
protracted  illnesses  they  were  formerly  supposed  not  to  exist,  while  in 
those  in  which  death  had  oecurreii  suddenly  they  ^ere  said  to  Ihs  always 
reoogniaahle,  even  without  the  microsc-o|>e ;  as  also  in  youthful  corpses 
(mm  Hettslitifj).  For  this  reason  they  were  looked  upon  even  yeoza  ago 
Ad  integrant  portions  of  the  ho  man  spleen. 

If  we  follow  up  the  diapo^itil  of  the  vessels  commencing  at  ihn 
hiluB,  we  soon  remark  that  it  is  liahle  to  vary  greatly  in  different  aTiimala. 
The  sheaths  of  tbe^e  ttjbes  also  are  no  less  subject  to  variation.  Thougii 
very  imperfectly  developer!  in  the  Guinea  pig,  rabbit,  squirrel,  and  mar- 
motj  they  attain  a  high  degree  of  development  in  othty  animals,  aa,  fcir 
instance^  in  the  dog  and  eat.  There  tlie  arterites  ent*ir  tlie  spleen  in 
several  branches^  etich  of  the  latter  accompanies!  by  a  vein  and  one  or 
two  nervcii.  lk>th  artery  and  vein  whilu  passing  in  receive  a  sheath»  but 
not  in  the  same  way,  Around  the  artery  the  hitter  i»  loose,  and  only 
mna  for  a  short  diitanee  nnchangetJ,  nndeTg»)ing  rapiiMy  a  j>e<!iilittr 
lymphoid  transformation.  The  vcin^  on  the  contrary,  is  uoeompauii?il  fnr 
h  much  greater  distance  by  a  tight  investment,  olosidy  united  to  its  walla. 
On  the  smaller  venous  twigs  the  latter  resolvi«  Itself  into  a  few  liands  of 
connective-tissue,  which  sink  into  the  septa  of  the  spleen.  Deviattoim 
from  this  general  plan  are  to  he  seon  in  the  ruminants  and  the  pig. 
In  man  the  arteries  and  veine  arrive  in  the  spleen,  already  divided  Into 
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from  four  to  six  branches,  Down  üi  twigs  cf  alwut  0'2(K10  mm.  they 
are  cimlsiintHl  in  a  commou  alieatli^  p^iaaessniga  tbickiiesa  of  uLout  0*2250 
rom,  at  its  cummencffment.  This  iiiveatiiig  fonnatiou  tlien  becomes 
grftduttlly  tiner  and  finer,  until  iMiduced  to  a  thickness  of  0*1128  mm,, 
^UYelopiug  in  thie  Btnte  urteries  having  a  diRmcter  of  0'2256  mm^  and 
vein»  of  0*4512  mm. 

The  arteriiil  twiga  with  their  sheatbs  then  scpamto  hf  ik^grees  fmrn  th<i 
aiieoinpAnying  veins,  and  ramify  independently.  But  about  the  venous 
tube  the  simple  sbeaih  extends  somewhat  larther  atill,  becoming  even- 
tually split  up  into  tlbre^  continuaua  with  the  trnbecuUu  of  tlie  organ 
(H:  MuUer). 

These  sheaths  exhibit  the  eame  minute  stnieture^  farther,  as  the  trabeeula% 

At  those  points,  however,  at  which  the  arterial  sepamtes  fmm  the 
venous  twig,  the  structure  of  the  tunic  of  the  former  changes  its  nature, 
H«  hbrous  tissue  is  transformed  into  reticular  lymphoid  ctuuiective  suIj- 
stance,  together  with  w^hieh  a  decrease  in  its  amount  goes  band  in  band. 
Tlie  advancing  metamorphosis  altfo,  commencing  externally,  attacks  even- 
tually the  inopor  tunic  of  tlie  artery.  Progressing  still,  thi«  tmns- 
furmatioUp  this  construction  of  **  Jyniph  eheatba  "  gradually  leadä  to  more 
ür  less  *n  re  u  in  scribed  b  welling»  of  diflerent  shapes,  and  tliese  tinally 
to  the  MüipUjhian  corpu^cIe.s  of  the  spleen  (fig.  419,  «),  In  fact,  the 
lutt^^r^  with  tbeir  varied  configuration  sometimes  roundish,  in  other 
inaiancieä  elongated  more  or  lei^s,  and  possessing  a  diameter  of  0^2256- 
0"7444^  or  on  \\x\  average  0'3609  mm.,  take  their  origin  fmm  the  infil- 
trat*»d  ehoaths  of  tlie  arteries,  from  wliicli  they  can  he  by  no  means 
^  shaqily  defined. 

Artt-Tiiii  twigs  of  0-1579  and  0^0993  mm.  in  diametvj-,  down  to  thoso 
of  only  Ö"0203,  ana  usually  seen  to  possess  this  nietttmoTpho&ed  sheath, 
and  may  all  acquire  a  K'riMit  increase  of  size  by  it^s  furmstion. 

Owing,  however,  Km  the  fm^t  that  thepoaition  of  the  artery  is  by  no  mBims 
always  the  same  as  regards  i 

this  iufiltrat^nl   Rheath,   fur*  / 

tber  yarietj  may  he  noticed. 
The  farmer,  namely,  may 
|M8S  eillier  through  the  axis 
dl  Iheae  elongated  masses  or 
more  literally.  In  those 
paria,  also,  converted  into 
follicle!»,  we  meet,  at  one 
111116)  with  an  eceentiie 
course  in  the  arterial  twig,  at 
another  with  a  more  central 
one. 

This  position,  further,  has 
ati  ©flfect  on  the  texture  of 
the  various  parts  of  the 
theatli.  In  the  lower  degrees 
cif  transforniation  we  iL^^ualiy 
meet  with  an  ordinary 
I  looeely  woven  connectivü- 
tissue  with  lymph  cells  in 
its  interstiees.  The  same  is 
tlie  case  with  the  sheaths  of  the  arterial  twigs  passing  along  the  bordass 
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tif  follicles,  Wben^  however,  these?  lake  a  course  through  a  swotleo 
point,  or  even  excetttrically,  or  througli  a  ßlalpujhiaji  corpuscle,  the  imn^ 
[brmatLoa  usually  goes  farther,  lending  %o  the  formation  of  a  tissue  nearlv 
tiUied  to  lymphoid  tissue.  Whilst  in  tho  lower  degree  of  Ijnjphoid 
infiitratkm  the  sheath  alone  is  atTected,  and  not  the  proper  adventitia,  in 
the  more  advanced  stages  of  the  same  the  latter  is  drawn  more  and  moro 
within  the  circle  of  lymphoid  metaraorphosis. 

Turning  now  to  the  follicle,  we  lind  the  suÄtentaeular  tissue  framework 
tleDBer  and  more  resistent  periphemlly,  while  within  it  posseasea  wider 
meahes,  and  is  more  delicate.  At  times  the  internal  ii  marked  oflF  from 
the  more  cortical  portion  by  a  circular  line,  as  in  the  rabbit,  Guiaea  pig, 
and  marmot.     This  arrangement,  however,  calls  for  closer  investigstioti. 

Here  also,  as  in  the  lymph  node^,  we  may  distinguish  in  some  of  the 
expandeil  mxlal  point«  distinct  nuclei  The  external  demarcation  of  % 
Afaiplfjhian  ffilliele  is  ntner  produced  by  a  homogeneous  membrane 
enclosing  it,  but  alwaya  hy  reticular  connective-tissue,  even  at  those 
points  where  by  its  denser  texture  its  surface  is  sharply  defined  against 
the  adjacent  struct  urea  In  other  cases  the  follicle  is  continuous,  aa  to 
its  delicate  friimework,  with  tlie  stirrounding  tissue  of  the  pulp,  without 
any  sljarp  line  of  limitation  ejtiating  between  them. 

Entangled  within  the  meshes  of  all  these  different  portions,  thet^ 
appear,  beside  free  (1)  nuclei  ( J/ü^fer),  a  boat  of  ordinary  Ifmph  celU,  poa- 
«easing  as  a  rule  but  a  single  nucleus.  Some  of  them,  however,  are 
multi nuclear  when  very  large.  Beside  these  there  occur,  although  in  no 
great  number,  elements  formed  of  colourless  granular  matter,  or  ag&iu 
containing  molecules  of  a  deep  yellow  or  brown  pigment 

As  regards  the  vesseh  of  those  portions  which  have  become  infiltrated, 
and  converted  into  follicles,  there  are  also  capillaries  to  be  considered, 
l>eäides  thowe  arterial  twigs  already  referred  to.  Veins,  on  the  other 
hand,  are  entirely  absent  In  parts  but  slightly  in^ltrated,  is  to  be 
found  a  slightly  developctl  long-meshed  capillary  network^  whereas  those 
portions  greatly  swelloil  exhibit,  «s  a  rule,  a  far  more  highly  developed 
mesh  work  of  capillaries  derived  fr!>m  aa[iecial  and  rather  variable  arterial 
twig.  This  hitter  cither  springs  from  the  artery  of  the  follicle  itself»  or 
approaches  the  Malpighmn  corpuscle  from  without  The  capillary  net- 
work itflelf  varies  also  ;  in  the  first  place,  in  different  follicles  of  the 
»arae  organ,  and  in  the  second  place,  in  diflerent  animals.  It  is  some- 
times met  with  presenting  a  more  or  less  regular  radiating  arrangement  of 
its  capillaries  with  arched  anastomoses,  the  tubes  having  a  diameter  of 
0'0029-0'008l  mm.  But  far  more  frequently  the  disposal  of  theae 
minute  vessels  is  irregular  both  as  to  anastomosis,  di vision j  and  diameter. 

Observing  the  texture  of  the  capillaries  more  closely,  we  recogniso 
beeide  those  presenting  the  ordinary  appearance,  with  an  adventitia,  such 
m  are  aeen^  for  instance,  in  reticular  connective  substance  (^  202),  others 
whose  walls  are  exceedingly  delicate  wanting  the  double  contour,  but 
wliich  m^y  on  the  other  hand  exhibit  great  richuesa  in  nuclei.  In  speak* 
ing  of  the  ptilp  we  shall  refer  again  to  this  point,  which  is  of  great  im* 
jwrtance  as  regartis  tlie  arrange  merits  for  the  circulation  in  the  spleem 

In  man  the  nature  of  the  lymphoid  infiltration,  and  the  mode  of  fm- 
niation  of  follicles,  is  ^similar  to  that  just  described,  ai though  the  trans- 
formed arterial  sheaths,  and  their  local  thickenings,  may  display  con- 
i^iderable  variety.  We  must  not  forget,  however,  that  we  are  obliged  to 
undertake  our  researches  into  the  nature  of  the  human  spleen  under 
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niiiah  more  unfavourable  circunifitaiicee  than  when  dediug  with  muma]», 
namely,  long  after  the  dearth  of  the  imlividual,  and  not  nnfrequently  in 
cases  where  dejiLh  has  been  producüd  by  ptotracted  illnees.  Neverthe- 
less, we  may  easily  satisfy  ourselves  aa  to  the  infiltration  of  the  arterial 
»heaths,  the  local  thickenings  giving  rise  to  follicular  masses,  and  the 
rmaiogoua  arrangement  of  the  Ihier  blood -vessels. 

§23L 

On  passing  beyond  the  lymphoid  infiltrated  investmeiits,  and  also  the 
follicles,  the  arterial  twigs  continue  their  course  for  a  certain  distance 
mmifying  in  the  manner  already  described,  but  without  any  int^rcom- 
manication  among  their  branches. 

Finally,  they  are  resolved  into  a  nmltitude  of  straight  capillaries  which 
anastomoae  only  to  a  very  small  extent  with  one  amitlier.  These  are  of 
rather  fine  calibre,  and  are  not  nnfrequently  very  tortuous  also.  They 
pass  on, — taken  as  a  wholD,'^ventually  into  the  finest  vascular  passage® 
of  the  pulp. 

Among  the  various  mammals,  however,  the  minute  itnictur©  of  these 
capillaries  differs  considerably*  In  the  pig,  the  dog,  the  cat,  and  the 
hedgehog,  most  of  them  are  {according  to  Sektceiijger-Seidelf  MüUtr) 
enveloped  in  elliptical  swellings  of  the  adventitio.  These  ^"^  capillary 
hmhs"  as  they  have  been  named  by  Schweigf/er-Beidelf  which  are  of 
great  frequency  among  the  capillaries  of  the  spleens  of  birds  (Müllei')  con- 
sist of  a  piile,  soft,  and  very  finely  granular  mass,  in  which  numerous 
delieate  nuclei  are  imbedded.  Their  dimensions  in  the  dog,  cat,  and 
hedgehog,  are  0^0451-0  0600  mm.  in  breadth,  and  0  0902-01480  mm. 
in  length.  The  capillaries,  enclosed  either  singly  or  in  greater  number 
in  these  busks,  present  the  same  two*fold  constitution  of  their  walls, 
already'  described  in  the  foregoing  section.  Other  capillaries  of  the  same 
animuli«  just  mentioned  do  not,  however,  ^bow  these  hui^ks,  and  corre- 
spond thus  with  capillaries  of  man  and  the  rest  of  the  mammalia. 

The  latter  present  for  the  most  part  a  strong  wall,  as  far  aa  their  trausi- 
lion  into  the  vascular  passages  of  the  pulp,  while  some  of  them  ure  seen 
to  be  more  delicate,  more  riebly  nucleated,  or  as  though  formed  of  single 
apparently  distinct  vascular  celb. 

Great  variety,  however,  is  seen  among  the  lymphoid  adventitiije  of  such 
capillaries.  They  may  appear  to  be  made  up  of  a  delicate  mms  of  con- 
neetive  substance,  with  round  or  elongated  nuclei  in  the  nodal  points  or 
interstices,  but  may  also  become  thicker,  obtaining  a  more  or  less  hbril- 
lated  coat  of  connective-tissue  externally,  with  a  more  loosely  reticular 
pt»rtiiin  internal  to  it,  in  whose  interstices  lytuphoid  and  fusiform  cells  are 
situated  J  tlius  reminding  us  of  the  '^capillary  husks"  between  which 
and  these  there  are  intermediate  forma 

In  possession  of  these  points  regarding  the  struetUFe  of  the  capillaries, 
we  may  now  at  last  turn  to  the  consideration  of  the  pulp.  This  is  found 
to  bo  a  very  soft  red  mass,  occupying  all  the  interstices  of  the  organ 
between  the  partitions,  vascular  sheaths,  follicles,  and  those  other  consti- 
tuents already  described.  Its  coarser  and  more  minute  structure  is  only 
recognisable  after  artificial  hardening. 

The  pulp  is  made  up  of  a  neiwryrk  of  irregularly  formed  cords  and 
hands  of  a  medium  diameter  of  0 '0677-0  0226  mm.  (fig.  420,  6),  which 
bound  a  system  of  spaces  and  cavities  varying  again  according  to  the 
species  of  animal,  but  in  every  case  designed  for  the  reception  of  the 
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rmoMB  blood.     The  former  or  pulp  tubes,  like  the  lymph  tubea  of  the 
lymphatic  nodea,  spring,  in  the  first  place,  in  gmit  number,  and  with 

gmdual  tnmaitiona  from  the 

/  surface  of  the  follicle«.    Here^ 

/  as  iu  the  rabbit,  Guinea-pig, 


-r.>'>/'cUv 


R£.43a 


hetlgehog,  and  marmotj  th«y 
may  be,  for  tlie  most  |iÄrt, 
concentrically  armiiged,  the 
interspaces  bounded  by  thum 
naturally  correepondiDg  in 
directtoiL  A  BiDiiiar  origin  . 
of  the  pulp  cords  from  the  " 
lymphoid  intiltrateil  arterial 
sheaths  as  well  as  from  the 
adventitial  of  the  last  rami- 
ficationa  of  the  arteriea, 
may  also  be  recognised. 
Eventually  they  ore  infleried 
into  the  tibrous  tiabeculee  of 
the  interior. 

The  tissue  of  the  pulp 
iultes  or  pulp  curds  is  & 
modification  of  the  rettcithir 
connective  species,  and  is  of  very  delicate  textur«  (fig.  421).  It  presents 
everywhere  a  reticulum  usually  of  extremely  fine  fibres,  but  also  of  some- 
what more  expanded  bands.     In  some  of  the  nndal  points  nuclei  appear 

to  be  imbeddeii^  al- 
though, owing  to  the 
great  delicacy  of  tlie 
tisaue,  doubt  stÜ}^, 
exists  m  to  whethe 
they  arc  nctuallj  im- 
bedded, or  only  ad- 
h  eren  t  exte  mal  I  y.  If 
we  now  follow  up  the 
conncctiona  of  tbvs 
network  towjirds  the 
follicles  or  thiekciird 
points  of  the  arteries, 
wo  recognise  the  fact 
that  the  reticulated -^ 
tissue  of  the  piilp  i« 
continuous  with  the 
eoaraer  and  tougher 
BUstcnlacular  mattfT 
of  these  pnrta  ;  inter- 
mediate f<r*riiis  exist 
ing  between  the  two  kinds.  If  we  now  examme  with  special  care  Ih*^ 
numerous  venous  passages,  and  the  limitations  of  the  pulp  cords  toward «s 
them,  we  ioon  convince  ourselves  here  ako  of  the  reticular  cliaracter  of 
the  tissue  in  question.  If  successful  in  ohtaining  a  view  of  the  Üoor  of 
one  of  these  venous  passages,  as  at  c,  we  will  soon  come  to  tlie  conclu* 
aion^ — and  to  this  Henh  was  the  ümt  to  direct  attention — that  the  tiatme 
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of  tbese  pulp  element«  U  composed  of  a  network  of  fine  circular  fibres  iinasto- 
moiing  ftt  acut«  angles^  which  constittitea  the  boundajy  of  the  blm>d  atream. 

These  venous  pafijsages  are  clothed  with  a  peculiar  speüi*Ha  of  vascular 
cells.  The  latter  are,  as  regards  form,  fusiform  elements  (fig,  4L*1,/,  g^ 
h),  and' present  in  man  round  and  projecting  nuclei.  They  lit^  in  the  long 
axis  of  th^  venous  path,  crossing,  consequently,  at  right  augJt^s  the  meshes 
of  the  cellular  network.  They  are  uoa-adhereiit  to  one  auotber^a  pecu- 
liarity of  the  utmost  imporlaüce — and  on  this  accouDt  may  easily  present 
defta  between  them  If  the  venous  possiLge  be  subjected  to  a  more  than 
ordinary  distending  force*  Here,  theii,  the  distinctly  irapervioti»  w  alls  of 
other  venous  canals  da  not  exist.  The  vascular  cells  in  question  have 
long  been  known,  from  the  fact  of  their  extending  back  into  the  larger 
I'enous  trunks,  but  they  were  oiily  recogniaed  a  few  years  since  in  the 
venous  pulp  passages  by  Billroth,  Thi»y  are  to  be  seen  with  great  dis- 
ünctness  in  the  human  spleen. 

In  the  small  meshcss  of  the  network  of  the  pulp  cord  a  are  entangled  the 
same  lymphoid  cellular  elements  in  pairs  or  sJiiglyT  which  we  have  already 
mentioned  when  speaking  of  the  follicles  and  metamorphosed  eheaths  of 
the  vessels.  Pigmentary  cetU,  aud  even  free  aggregations  of  pigment 
grmnules,  golden  yellow,  brownish,  or  hlaek,  occur  with  such  frequency  in 
many  spleens,  that  even  to  the  unaided  eye  the  colour  of  the  pulp 
piesents  great  variety. 

In  addition  to  these  elements  a  certain  number  of  coloured  blood 
corpuscles  aro  regularly  met  with,  at  one  time  unchanged,  at  another 
twisted,  distorted,  and  altered.  In  preparattous  which  have  been  carefully 
maUHged,  moreover,  the  important  fact  naay  be 
noticed  with  comparative  eose^  namely,  that 
Iheta  corpusclet»  are  situated  in  the  meshes  of 
the  tissue  of  the  pulp  |)ertectly  free,  that  is, 
unenclosed  by  any  capillary  walls. 

Ou  leaving  the  blood  stream  they  uuder^o, 
in  fact,  changes  of  various  kinds ;  they  shrink^ 
I  hey  become  fissured,  and  are  thus  converted 
into  thoi*e  pigmentary  molecules  of  diiTerent 
kinds  already  alluded  to. 

Bui  the  most  remarkable  feature  in  this 
decay  of  the  red  elements,  is  the  [»rod action  of 
those  cells  of  the  spleen  eontaiuing  coloured 
corpuscles,  known  now  for  many  years.  These 
structures,  which  were  a  puzzle  to  the  observers 
of  early  times,  and  to  which  liave  been  given 
consequently  the  most  various  sign iticat ion,  have 
been  already  considered  at  pp.  77^  1^.  Here, 
aii  in  other  organs,  the  vital  contractility  of  the 
mcmbraneless  badies  of  the  lympdioid  cells 
enables  them  to  take  up  into  thetr  Interior,  not 
indeed  the  whole  blood  corpuscle^  perhaps,  but 
fragments  of  iL«;  substance.     That  the  lymphoid 

celia  of  the  »jileen  possess  this  power  of  contracting,  I  saw  myself  ymy 
clearly  some  years  ago  in  water  salamanders  and  frogs. 

Later  still  the  phenomenon  wtis  observed  most  extensively  among 
mammals  also,  by  QihnlwhiU  uml  in  the  embryos  of  the  latter  animals 
by  Perümfschko.     In  conclusion,  we  would  point  out  that,  owing  to  ih© 


Hff,  43<?,— C(^U»  itam  th«  i^^eii 
ot  mtn,  tM«  oil,  «nd  hore«. 
a^  frum  m'»ii:  a,  Iren  hQ" 
del;  ^,  iinJiniLi-y  »11  (Ivirrfi'tititil 
(■{M-utucl)*)  I  c,  tmfjfivteU  ctU 
YtUn  h  btnm!  cnrjJU't'lp  if\  In 
IM«|rtt4<r1or:  4  with  t^niachj 
t^ihv  »■mr  TRitn  t|](t  ux  wtUl 
wrveml;  /  ■  r«ll  trefa  thu 
Imtttr  ftnirfiMl  ii,]tti  Ut-I|i|^a 
gruticie^i  ]fh  fTi-»n  thv  horme  X 
jf,  I  cell  t?iinta.lr4iig  ■etvTtil 
(Tvth  tiiifOd  Ctirfiutll«*  Aftd 
eniiuii--«^  «a  In  the  In«  fljCQi«; 
K.  Gifril  «ritti  ui  KjEi^lctinisniilon 
n(  gTKl'tulF«;  i^  the  Mint,  ttvex 
i^    «    cc*1l    entitjiilnliig'    ■mktl 
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ineomplete  nature  of  the  walls  of  the  venous  passages,  these  cells, 

taining  blood  corpuscles  in  ever/  stage  of  deveiopment,  may  make  their 
way  iuto  the  stream  occupying  these  passages,  and  thus  become  elements  <if 
the  splenic  blood. 

Besides  ihesCf  Funke  and  Koelliker  mention,  as  farther  elements  of  the 
splenic  pulp  m  young  and  sucking  an i mala,  other  small  yellowish  nucleated 
cells,  which  they  hold  to  be  young  blood  corpuacScs  in  process  of  develop- 
ujenL  Out  own  experience  doea  not  euahle  us  to  offer  any  remarks  on 
this  point 

§  232. 

We  have  still  to  consider  the  courm  of  the  hiood-tjedäeh  and  of  the 
bjmpkfiiieg  in  the  organ  with  which  we  are  engaged,  and  to  glance  at  Uie 
ui-ram^cmeni  of  iü  nervest. 

Commencing  with  the  veins,  %ve  find  them  liable  to  vary  greatly  ru 
different  mammals.  They  am  reniarkahle  for  their  large  calihru  and  great 
diatensibility,  even  when  the  distending  force  is  hut  very  small,  a 
peculiarity  which  explains  the  rapid  physitilogical  and  morbid  congestions 
with  which  this  organ  ia  atiected. 

Among  the  rurninajiU, — as,  for  instance,  in  the  sheep  and  ox, — the  rtrmi 
U&iaiis  enters  the  organ  as  a  single  trunk,  parting  with  its  admudiiiu^ 
and  soon  after  lU  rmidkt^  to  the  eurrouiuJing  connective*tisaue  sheatb,  and 
then  divides  into  wide  bmnches,  which  send  off  a  number  of  lateral  twigs, 
whose  walla  consist  above  of  a  very  tliin  membrane,  so  that  these  appear 
on  section  as  interstices  in  the  parenchyma  of  the  spleen.  In  their 
further  ramification,  these  veasub  present  an  arborescent  appearance,  the 
branches  springing  from  them  at  right  and  acute  angles,  and  no  anasto- 
mosis taking  place  among  them,  I'htis  the  whole  arrangement  assumes  a 
peculiar  character,  from  the  fact  that  these  venous  ramifications  (whose 
calibre  is  remarkably  grettt),  breaking  up  mpidly  into  finer  twigs,  »re 
directetl  toxvanls  the  niiraerous  Malpiijhutn  tu II idea  in  ^'realer  or  less 
number.  All  these  venous  tubules  are  poss eased  of  walla  of  extreme 
tenuity,  but  which  are  usually  entire  nevertheless*  They  consist,  as  a 
rule,  of  a  layer  of  fusilonn  cells,  0*002 9-0 'OOTÖ  mm,  in  hrea<lih,  antl 
0  0201-0  050 1  ram.  in  length,  wdioiie  elonj^ated  nuclei  project  to  a  small 
extent  above  the  surface  of  the  cell.  Externally  the  finer  twigs  are 
enveloped  in  the  reticular  tissue  of  the  pulp  already  mentioned. 

Venous  branches  of  this  kind  have  been  named  by  Billroth  "capillary 
veins,"  or  **  cavernous  splenic  veins."  They  are  met  wnlh  in  all  the 
nmmmalia,  though  presenting  much  diversity  as  regaixls  arrangeiuent,  by 
which  again  the  form  of  the  pulf^cords  is  also  modified. 

Whilst  among  the  ruminants  these  cavernous  veins  puTSUe  tlieir 
course  with  acute  angled  division,  and  without  anastomosis,  they  break 
up  into  branches  among  other  anima]^,  more  or  less,  at  right  angles,  in  the 
primary  dendroiil  ramifications*  and  communication  amongst  the  twigs  of 
the  latter  takes  place,  sn  that  eventually,  and  by  degrees,  a  regular  network 
of  like-sized  venous  canals,  or  more  or  leas  expanded  passages,  is  forme*!, 
'l^his  reticular  arrangement  is  seen»  for  instance,  in  the  spleen  of  the 
rabbit,  the  Guinea-pig,  the  marmot,  and  likewise  in  man.  In  certain 
cases  the  fsiiipen  of  the  infant  displays  with  peculiar  Vjcauty  this  rctiform 
intercommunication  of  venous  canals,  and  in  such  instances  the  lateral 
twigs  springing  from  enelieatbed  trunks  assume  almost  immet  I  lately  a 
iiet-iike  character.     I  myselt  w^aa  the  first  to  establish^  in  the  year  18*50, 
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tliojr  venous  nature  by  means  of  injections^  and  it  wttä  from  my  prepani- 
tiona  that  BUlroth  became  acquainted  with  tht?uu  Their  iimmt-tcr  ie^  ou 
an  average,  0-0169-0"022ß  mm.,  with  extremi!»  of  00113  and  0*0282 
nim.^  and  tlieir  structure  precisely  the  same  as  in  tho  stieep.  A  spitzen  of 
this  kind,  on  the  whole,  presents,  in  regard  to  its  pulp,  great  iimiiarity  to 
the  meduOary  mass  and  meiiullary  pas^ag«!^  uf  lyniphatiu  gkndä. 

Here  too,  aa  in  the  sh^^ep  and  ail  i>ther  niamuJalB,  the  walls  gr^idually 
üsaume  a  more  and  more  iriiernipted  chami:ter,  by  sepamliou  of  thuir 
vascular  celiis,  and  thintiirig  down  of  their  cnhrifunn  euhstratum,  so  that 
clefts  lt?ading  into  the  hounding  piU[>c'ordÄ  are  lormied.  Finally,  diiuini^^hml 
to  O'0158-O  Ü09Ü,  all  the  cavernous  veins  conduct  the  blood  everywhere 
into  the  venous  mdicles  with  their  fissured  walls  and  defeütive  vascular 
oell-liuiiig. 

§233. 

Having  now  followed  the  cavernous  venoui  pa^wiges  down  to  their 
iinest  sulKUvifiions,  the  lacunnr  venous  radicles,  houiaded  only  by  the 
ti^ue  of  the  pulp,  we  next  come  to  the  impottaut  question  so  much  dis- 
cuaseil  withiti  the  last  few  yeara,  namely,  How  dne4  the  hkK)d  from  the 
uIHmalti  rarniju^atiom  of  the  arlcnal  fftjsfcm  find  Us  tray  hiio  the  rudiclm 
of  th^  venoiut } 

Many  observerss^  among  whom  Graij^  BiUruih .  and  KoeUiker  may  Iw 
naentioned,  beiieve  that  tine  terminal  cajiillaries  open  immediately  into 
the  cavernous  veins  without  having  formed  previously  any  true  network, 
Schweiggcr-Scidd  supposes*  the  transition  to  Uke  place  tlirough  pet^uliar 
Teesela  formed  of  fusiform  cells  alone.  The  views,  however,  of  AV^  and 
jSiietia  are  quite  diflerent.  Aecort.!ing  to  them,  there  exists  between  tho 
capillary  mmilications  of  the  artonul  system  and  the  cavernous  vfins  an 
extremely  dense  network  of  most  delicate  capillary  vessels  with  di^siinct 
wall:^,  in  whose  tiny  meshej  the  lymphoid  cells  are  entangled^  and  which , 
in  broa*i  terms,  constitute  tho  pulp* 

Many  of  these  views  are  based  upon  the  appearances  produced  by 
incomplete  injection  or  improper  bite rpretat ion  of  preparations  good 
enongh  in  themselves. 

Thus  it  not  unfrequently  happens  that  we  believe  we  see  direct  open* 
ings  of  aipillaries  into  veins^  which  prove,  on  closer  inspection^  to  he  in 
almost  all  cases  optical  illusions. 

We  do  not  wish,  however,  to  charnctense  these  immediate  transitioua 
aa  impossible*  We  have,  indeed,  ourselves,  during  a  long  study  of  the 
subject,  met  with  appearances  hardly  capable  of  any  other  interpretation  ; 
hut  their  number  was  extremely  small,  so  that  the  concluium  tluvt  they 
were  only  exceptional  was  forced  upon  us.  Our  own  studies»  therefore, 
compel  us  to  dissent  from  the  opinion  of  Gray,  Billroth^  and  Kot^Uik^^r  on 
this  point. 

Kei/  and  Stiedaj  on  the  contrary,  have  determinetl  the  true  moiie  of 
tmnaitionj  hut  have  mistaken  an  extremely  dense  reticuhim  of  very  delicalt» 
lacunar  passages  for  a  network  of  capillaries  po&^esaed  of  distinct  walls. 

The  fact  is,  that  the  passage  of  the  arterial  blood  of  tlie  spleen  into 
the  veins  of  the  latter  takes  plaee  in  "man  and  the  mammalia  generally  in 
small  streams,  having  no  special  hounding  wall.^.  The  blood  traverscit 
the  network  of  the  pulp  and  inters^tices  of  the  lymphoid  eeds  contained  in 
the  latter  in  the  same  manner — if  we  niay  be  allowed!  the  comparison — 
as  the  water  of  a  swelling  river  finds  iUi  way  through  the  pebbles  of  ltd 
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bei      These   interstices  have  Leen   named  the  mterm*€Uate  jmlp-pfis- 

We  have  to  thank  W.  Mutier  for  being  tlje  first  to  jjlice  the  ejtktauct 
of  these  lacunue  beyond  ilüubt,  although  such  an  arrange  merit  of  parts 
hatl  been  already  pointed  out  here  and  there.  Our  own  observations  on 
the  iplecns  of  tUe  öheep,  rabbit,  Guinea  pig,  mouse,  mole,  and  human 
being,  have  led  u&  to  the  samo  conclusions  on  tbe  subject  as  tlio.s«  arrived 
at  by  the  gentleman  just  mentioned. 

To  understand  correctly,  bow^ever,  the  nature  of  these  pulp-pLissafrea,  ife  i 
will  l>e  necessary  to  return  fur  a  moment  to  those  ultimate  ramiheationf 
of  tJie  arteria  lienali^  already  dealt  with  in  section  231»,     There  we  con- 
Bidered  fully  the  capillaries  of  the  simply  iiidltrated  arterial  sheaths  of 
the  lymphoid  swclluiga  on  the  latter  and  of  the  MaJpifjJnan  corpuscles,^ 
In  all  these  parts,  eitlier  the  usual  etrueture  of  the  capillary  tube  yrm\ 
presented  to  us,  or  a  modified  and  much  thinner  wall  indiuative  of  its 
approaching  transformation. 

But  all  these  capillaries  to  which  we  referred  make  their  way  into  the 
pulp  of  the  spleen,  becoming  merged,  after  a  shorter  or  longer  course,  in 
the  walldesB  passages  of  the  tissue,  either  single  or  bmnchjng.  We  not 
unfrequently  meet  with  spleens  whose  pulp  must  be  said  to  be  rit:b  in 


with  it»  interniertlttte  atreftma;  K  ('AlWlf^i  ^^  1>c:tnnd\ikR'  fmyct  of  tla«. 
uime:  {?,  its  laplHArfeA:  r,  tiüimlrlQn  titt^^f^  nnini' Itiih  rh^  liir<-*^(!<1Urc 
InrfmtiMMlpulfMiti^Jtmi;  f,  trji.n9ViDiies«eri<iu  of  jlli  nrtrry  tl  Lhe  bunlcr 
of  th0  Maipiffhinfi  ctrrpuicle. 

long  eapilLaricSf  which  occupy  the  axes  of   the   pulp-cords  m  a  way 
reminding  us  of  the  lymph  tubes. 

As  to  the  mode  now  in  which  these  capillaries  run  out,  the  following 
points  may  he  recognised  (fig*  423).  The  walla  of  the  little  vensels  become,  \ 
as  they  are  alwut  to  run  out,  finer  and  thinner  without  exception,  liesidea 
which  they  appear  delicately  granular,  asi  well  as  richly  studded^  with 
nuclei  imbedded  in  their  substance.  Subsequently  we  notice  a  regular 
fibrillation  commencing  in  the  tissue  of  the  wall,  the  nuclei,  with  the 
portion  of  tissue  ad jaceut,  developing  into  separate  bamla  and  fibres,  pals 
in  colour,  whieb  are  inserted  continuously  into  the  reticulum  of  Urn 
pulp.  We  are  often  uncertain,  indeed,  for  some  distance,  whether  we 
have  stUl  before  us  tho  passage  of  a  capillary  on  the  eve  of  terminatton, 
or  a  eanaldike  interstice  of  the  pulp.  Na  turf  illy,  at  these  points,  th« 
matters  injected  into  the  capillaries  find  their  way  into  the  a<ljacent  por- 
tions of  the  pulp. 
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Xow,  the  latter,  as  the  reader  h  Already  aware,  is  formed  uf  ti  yQty 
narrow-meshed  rtvtiromi  eustentaculiir  eubatancöi  whose  iul«?rstico9  are 
occupied  by  lymphoid  cells.  Between  these  latter,  and  along  th«  fine 
^lianda  of  the  rt'ticuhim,  we  find  limt  the  injeelion  (u)  passfts  further  into 
the  pulp.  If  plue  have  been  employed,  the  masa  hardens  »uhReqTieutly 
in  the  form  of  Ihin  hut  irregukrJy  defioe^l  fihelldike  fra|»mpiits  around  the 
lymp  eorjmsokR  of  the  pulp»  broader  at  one  Bpot  than  am)ther.  The 
diameter  of  each  stream  varies  from  abotit  Ü-ÖÜ32  to  OHODO  nnu.j  aiul  is 
of  criun^e  affected  by  the  amount  of  force  exercised  in  injt^ction*  The 
great  dLsteiiMbiHty  of  the  apleen  observed  during  both  health  and  disease, 
und  which  is  «uftkieutly  known  to  every  one  who  has  devoted  any  time  to 
its  artiticial  injection,  is  in  a  gr^t  nieaiure  owing  to  this  capacity  for 
ditatatlim  of  the  intermediate  pulp-juuisages. 

It  was  tJ»n  contt^mphitioit  of  auch  appearance«  under  the  microscope 
whieh  led  to  thi3  view  supported  by  many  recent  observers,  ibat  there 
exists  in  the  pulp  an  intermediate  network  of  very  delicate  capillaries, 
"bounde4l  hy  special  wdts.  At  the  same  time,  the  reticulum  of  the  pulp 
waa  erroneonsly  hf4d  io  bo  fornitHj  of  the  collapsed  eanaU  of  this  net. 

It  is  unite  obvious  that  a  shiwly  increasing?  pressure  will  tiU  a  larger 
and  larger  jHirlioa  of  this  system  of  iuterstlees  in  the  pulp.  Thus  we  m& 
the  iMafjnfjMan  eorpUscleB  encircled  by  rings  of  the  reticulated  passages - 
and  öventually  the  matter  eui[doyed  for  injection  uiay  advance  into  the 
more  superlicial  jmrtiuna  of  the  same,  and  give  rise  there  to  the  same 
appearaucö  of  retiform  interlaeeiuout. 

Bill,  finally,  the  injection  (fj)  advances  from  the  pulp  {fig,  424,  a)  into 
the  railicals  of  the  veins  (r)  already  known  to  us  from  the  preceding 
aectioiL  To  its  progress  there 
are  no  obstacles,  fmm  the  fact 
that  the  radicles  of  the  veins  are 
nothing  else  than  interstices 
found  in  the  tissue  of  tlic  pulp ; 
and»  t)*erefore,  enclostnl  by  the 
same  reticulated  tissue  which 
had  Ijeen  tilled  through  the 
capillaries. 

If,  for  the  control  of  these 
artificial  injections,  other  natur- 
ally lilled  spleens  be  carefully 
examined,  in  which  the  red  blood- 
cells  have  been  preserved  hy 
certain  modes  of  treat  me  lit,  and 
the  %vhole  hardened,  we  will  obfierve  that  at  the  terminal  portions  of 
the  capillar ie*  these  coloured  elements  are  prolonged  in  widl-less  pas- 
sages l>etween  the  lymph  corpus^des,  and  at  other  points  arranged  together 
in  similar  rows  and  group«,  which  ccjalesce  to  form  tlie  wall  les»  radicles 
of  the  veins. 

Ill  us  seeing  that  both  artificial  and  natural  injeetioti  \yohxt  to  the  same 
crmclusimiSt  we  may  ventuits  to  sum  np  as  followß:  the  hlooil  frt>m  the 
nrt**rial  cupiüaries  is  emptied  into  a  system  of  intermediate  pa:^.sages, 
whit'h  are  directly  bounded  by  the  cells  and  fibres  of  the  network  of  the 
pulp,  and  frrun  v.diicli  the  smallest  vetiouR  radicles  with  their  cribriforn» 
walls  take  origin. 


.J  I 
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§234. 

As  regards  the  l^mphfUlu  of  the  «pleen,  it  was  for  aome  timö  bdbveil«^ 
from  the  results  of  injection,  thai  it  only  possessed  such  vefi^ek  oii  iis 
eurfaoe.  These  are  äituateü  underneath  the  serosa,  and  are  arniDged  m  m 
very  complex  network,  in  the  ose,  sheep,  and  pig,  formed  of  valued  ^ 
vetsels  of  considerubl©  aize  (Tridtrtuinn^  Billi-oth^  Fret/).  In  the  first 
animal»  meniioned  these  vessels  may  he  easily  injected,  and  are  aeeu  then 
to  present  a  numher  of  bead  like  dilatatinns  at  vnrioiis  pointa, 

From  the  fact  that  during  injection  of  the  external  veesek  the  mailers 
employed  for  that  purpose  could  not  he  force«!  into  any  deeper  lymph 
piftsages  in  the  parenchyma  of  tlie  spleen,  and  that  it  had  been  already] 
ascertained  that  the  Malpitjluan  corpuscle  h  not  possessed  of  anythingl 
cori-esponding  to  the  inventing  s|>ace  of  the  lymph  follicle,  I  he  spleen  camdi 
to  be  i^farded  as  an  organ  aiialogotis  to  the  lymph  noiles,  hut  in  which  thml 
Internal  lymphatic  passages  are  replaced  by  venous  canals.     The  well-l 
kno'Nvn  participation  of  the  organ  in  the  life  of  the  blood,  the  entrance  of 
lymphatic  cells  into  the  venous  stream,  and  the  ver)'  prohabie  des  traction 
of  multitudes  of  red  corpuscles  within  the  organ,  all  seem  to  jixitify  ita 
being  declared  a  Nood  hjmph  ghmd  (Fret/), 

Of  course,  the  denial  just  mentioned  of  the  existence  of  iiiteni^ 
lymphatics  led  to  contradictions  of  the  older  viewa,  based  upon  tho 
stated  entrance  of  absorbent  ttibea  at  the  hilus  of  the  organ,  together  with 
the  arteries  and  yeins  (Ecker,  KoelUki^r,  and  others).  While  the  super^ 
fieial  lymphatics,  namely,  were  found  to  contain  a  pellucid  fluid,  those  of 
the  interior  were  stated  to  be  filled  with  a  coloured  liquid  reddened  hj 
the  presence  of  blood-celk 

A  few  years  ago,  however,  llim/jm  dcaioustrated  lymphatic  vesseJa  in 
the  horse's  spleen,  and  moreover  in  eonimuuicjition  with  those  of  tlio 
surface  of  the  oi^n.  They  traverse  partly  the  banded  sustentacular 
matter,  following  the  rBmilications  of  the  veins,  and  partly  the  eonnec- 
tiTe-tissue  of  the  sheaths  of  the  vcsHelii,  togii^thor  with  the  stronger  arterial 
twiga,  whose  finer  ramihcations  tliey  completely  ensheath  eventually* 

Now,  the  statements  of  this  talented  observer  have  not  the  slighUjSi 
trace  of  inconabtency  about  them.  Here,  as  elsewhere,  w^e  find  muscular 
and  connective-tissue  structures  traversed  by  lymphatic  pass^^  wxid^ 
owing  to  the  lymphoid  transformation  which  comes  over  the^e  tliealha 
continuous  on  the  other  hand  with  ordinary  connective-tissue,  the  lymph 
cells  may  be  supplied  to  the  tliiid  from  such  localities. 

But  wlien  Thojfisa  states,  further,  that  the  hnul  mmificationa  of  the 
internal  absorbents  conduct  eventually  into  the  T  ill  ides  and  pulp^  aitd 
tliere  clothe  the  individual  lymph  corpuscles  an 1 1  ii^;;!^  rtneratlons  of  Llooti- 
cells  with  ring-like  passages,  we  cannot  rid  ourselves  of  the  greatest  doubt 
upon  the  point,  nor  avoid  regarding  whitt  he  htiM  observed  as  probably 
the  result  of  extravasation  into  a  tissue  we  know  to  be  eo  fr»gll«k,  Wo 
can  hardly  (conceive  it  |>D^'^ibIe,  that  beside  the  almost  ubiquitous  Mood 
stream,  unconfined  by  a  detintte  wall,  a  similar  lymph  stream  could  hav« 
room  to  exist,  and  such  an  extensive  peripheral  mixture  of  lymph  and 
hloml  wotdd  l>e  without  auy  analogy  in  all  that  has  as  yet  been  observed 
in  the  botiy  in  iho  two  systems. 

But  whichever  view  is  correct,  the  significance  of  the  spleen  a«  a 
blood  1}  mph  gland  is  by  no  means  shaken. 

The  uürec^  of  the  spleen  having  their  origin  from  the  f^<^etm  iwntilu  of 
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the  sym pathetic,  consist  pniicipally,  and  not  milj*oquentlj  almost  excJti- 
sively  of  pale  elements  olieady  known  under  tlie  name  of  Rcimik's  fibres. 
They  enter  at  the  kUuSf  and  pursue  tlie  mm&  course  aä  the  mmiticationa 
of  the  arteries.  The  ntjmber  of  nerves  finpplyiiig  the  organ  ia  Tery  cun- 
«iilembl©  as  a  rule,  but  their  mode  of  U'rminal ion,  judging  Irom  Kml- 
liker  and  Billroth' s  observittious  in  the  sheep  aud  ox,  in  »till  uncertain* 
Division  of  their  trunks  was  observed  by  Kodlikw^  and  Ecktr  probably 
»aw  terroiuid  rt^solutioih  According  to  IF.  Mullef\  hnally,  there  occur  at 
.eeitain  points  of  the  splenic  nerv^es  group«  of  eells  like  gauglion  eor- 
^puacle«:  onco  only  did  he  succeed  in  ttttdng  ä  libre  into  a  capillary 
»heath  in  the  spleen  of  a  pig.  We  are  tempted  tu  ascribe  to  the  stroc- 
tares  in  qoestinn  a  similar  significatice  as  the  end  eapsul^  ol  Krume  on 
the  glttnrl  nerves  (p.  327)* 

J  235. 

The  spleen,  whose  sp,  gr.  is  I'OrjS  (Krainie  and  FMie}%  contains  18- 
30   per  cent  of  organic  matter,  and  an  average  of  0^5-1  per  cent,  of 

,  mineral  cougtituertta  (Oidimann), 

That  organic  fluid  of  &cid  leactiou,  irvhich  saturates  the  tissue  of  the 

'^  spleen,  contains,  according  to  J^rJimxr^  />*enWt«^  Sifmider^  Clmftn^  anrl 
Ovrup,  a  large  number  of  interesting  sübstaacos. 

Among  these  may  be  named  inosite,  volatile  fatty  aciils^ — e.^.»  formi^', 
cetic,   and  butyric,  also  succinic,  lactic ^  an<l  uric  acids.      Among  the 

('bases  we  und,  in  the  normal  human  spleen,  considerable  quantities  of 

lleucin,  and  a  niodemte,  that  is  comparatively  large  amount  of  tyrosin 
{Frerkhsiiud Siaedeltir).  Xanlhln  and  hy poxanthin  are  also  encountered  in 
the  organ.  Bosidu  these,  Schcrer  succeeded  in  obtaining  non-carbonaceous 
pigments,  a  very  intert^sting  albunilnouB  substance  rich  in  iron,  and  much 
iron  combined,  it  appears,  with  acetic  and  lactie  acitlfl*  The  peculiar  con- 
itittitton  of  the  veins  must  provide  for  thi^  passagi*  of  these  matters  into 

'Ul©  circulation,  hut  up  to  the  present  no  unalysia  of  the  IiIolmI  of  the 
tpleaic  vein  bus  come  upon  them  there  (comp*  p.  121). 

Special  attention  has  been  bestowed  by  Oldtmann  upon  the  mineral  con- 

^stituents,  and  among  them  he  has  found  chlorine,  phosphoric,  sulphuric, 
and  silicic  acids,  pütaah  and  soda  (the  latter  preponderating),  time, 
magnesia^  iron,  manganese,  and  copper. 

Turning,  then,  to  the  pkijmologUal  mgniß^ance  of  the  spleen,  so  fre- 
quently a  subject  of  debate,  it  is  supposed  to  play  an  important  part  in 
the  economy  of  the  blood.  It  is  believed  to  he  concerned,  namely,  in  the 
destruction  of  the  blood  cells  on  the  one  band ;  on  the  other,  in  the  repro- 
duction of  the  same.  The  first  of  theae  views  may  be  defended,  but  not 
inconlrovertibly  proved  in  the  present  state  of  science ;  for  although,  in 
many  spleens,  the  blood-cells  are  certainly  very  extensively  destroyed, 
still  a  doubt  exiats  whether  this  is  anything  more  iban  an  accidental 
occurrence.  The  second  theory  appears,  however,  more  capable  of  proof* 
^Vecording  to  it  the  spleen  may  he  regarded  as  analogous  in  function  t*i 
the  lymphatic  nodes,  producing  the  colourless  cells  of  the  pulp,  which,  on 
finding  their  way  into  the  blood,  are  known  there  as  white  blood  corpus^ilcs, 
and  which  possibly,  in  part  at  least,  undergo  ere  ibey  leave  the  cavernous 
portions  of  the  tissue  of  the  spleen  a  transformation  into  coloured  cell». 
The  amount  of  blood  in  the  organ,  further,  is  influenced  in  various  ways  by 
its  Bbrous  and  muscular  elements.  The  elasticity  of  the  former  opposes 
to  every  expansion  an  amount  of  resistance  varying  with  the  volume  of 
20 
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the  contained  blood,  wlule  the  pericKiical  activity  of  the  mmscnlsr  elements 
presided  over  by  their  nervous  syateiug  leads  to  tlie  expolsicin  of  tJäa 
fluid  contents  of  the  spleen  towards  the  point  of  least  resistance,  iiamelj, 
the  veins  and  lymph atic  vessels,  and  so  to  a  decrease  of  volume  in  the 
of^n. 

In  support  of  the  theory  that  the  spleen  is  a  species  of  accessory  or 
modified  lymphatic  gland,  providing  for  the  reproduction  of  colourleas 
hlood'Cella^  we  ha\*e,  in  the  first  place,  the  purallelism  which  exijsts  ill  the 
chatiges  taking  place  in  both  these  ot^ans  in  certain  diseases,  then  the 
greater  riclmeaa  of  the  blood  of  the  splenic  vein  in  white  elements  (§  70), 
and,  finally,  the  analogous  structure  of  the  spleen  and  lymph  nodes.  This 
latter  point»  namely,  that  of  similarity  of  structure  between  the  spleen  an«! 
lymphatic  glands,  i^  most  easily  demr^nsti-able  in  the  lizard  and  snake,  in 
which  a  dehnitely  enclosed  stream  of  blood  is  seen  to  flow  between  certain 
follicular  masses  ( IF.  Müller). 

Grajfs  view  is  that  the  spleen  serves  the  purpose  of  a  reservoir  for  a 
certain  quantity  of  the  blood.  Schiffe  on  the  other  ban«!,  regard»  the 
organ  as  an  auxiliary  to  the  digestivu  apparatus,  yielding  to  the  pancreas 
its  power  of  digesting  alburainons  matters. 

The  orifjln  of  the  spleen,  as  far  as  at  present  known,  is  from  a  special 
aggregation  of  cells  belongiug  to  the  middle  germinal  plate,  and  quit« 
unconnected  with  the  digestive  organs.  These  cells  are  subsequently 
raetamorphosed  into  the  various  tissues  of  which  the  organ  is  composed. 
The  first  rudiments  are  remarked  at  tlie  end  of  the  set: on d  month.  Accord- 
ing to  Hemak^  the  appearance  of  the  Mulplghtan  corpuscles  is  very  earlj, 
but  Kmliiker  believes,  on  the  contrary,  that  it  is  only  towards  the  end  of 
intra-uterine  life  that  they  are  formed. 

Other  conclusions,  however,  on  these  points  have  recently  been  anived 
at  by  Perememhko,  According  to  him  the  spleen  is  developed  as  an  off* 
ithoot  of  the  panereas.  The  envelope  and  trabecular,  as  well  as  the  fine 
reticulated  tissue  of  the  pulp,  is  first  formed ;  then  the  lymphoid  cells, 
with  numerous  red  blood  corpuscles,  make  their  appearance,  at  first  in 
but  small  nuniliier ;  then,  from  the  rapid  increase  in  number  of  the  lym- 
phoid elements,  numerous  collections  of  the  latter  are  formed  in  the 
sheaths  of  the  arteries,  giving  rise,  at  a  very  early  embryonic  period,  to 
the  Mafpi*jhian  corpuscles. 

The  numerous  morbid  chimges  in  structure  taking  place  in  this  organ 
require  more  careful  attention  thun  has  up  to  the  present  been  aeeoffie«! 
to  them,  owing  to  insuißcient  acquaintance  with  the  minute  structure  of 
the  part.  Among  these  a  great  increajse  of  volume  in  the  organ^  isao- 
ciated  with  an  excess  of  wliite  corpuscles  or  leuc^mia,  has  awakened 
much  interest 

§236, 

Pending  a  more  satisfactory  classification,  impossible  in  the  prescitt 
state  of  histology,  we  shall  for  the  present  associate  with  the  lymphoid 
paita  A  series  of  other  organs  whose  functions  are  still  a  problem,  and  as 
to  whose  atructuie  much  doubt  still  exists  on  many  points.  These  am 
the  fhfjroid  ghwd^  the  suprarenal  bodt/^  and  the  piimtar^  body.  For  the 
present  we  may  retain  for  them  the  old  name  of  blaodvasevlar  gktJids.  In 
many  cases  they  have  already  reached  or  passed  their  full  development, 
as  met  with  in  the  adult  body^  and  are  engaged  in  retrogreasion  or  pro- 
cesses of  decay. 
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Hie  ih^roid  gland  is  found  to  be  mad©  up  of  closed  vesielea  of  roundish 
form  ömbeddöd  m  vascular  connective -tissue  (fig.  4*25,  ct,  b).  Thesa 
appear,  at  first  sight,  like  closely  grouped  granules  of  0*5641-1*1279  mm. 
m  di&taeter,  roanded  or  fiat,  and  of  a  r^^JJiih-ydlow  colour,     Tht?j  are 
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tlg^ill,— Tw(»lüb<i1iM  from  ftie  thynii«!  nf  *  a  1iiifi.nl, 
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again  arrangeil  Ln  small  lobules,  and  theso  in  larger  lohes^  the  considera- 
tion of  which  we  leave  for  descriptive  anatomy. 

The  stroma  h  made  up  of  ortiinarj  fibril  la  ted  eoanective-t  issue  of  tolei^ 
ably  loose  te^tture^  mixed  with  elastic  elements.  The  gland  venicle», 
0*05 01-0*1020  mm.  in  diameter,  possess  a  limiting  mt^mbnme  formed  of 
rather  delicate  homogeneous  connective-tissue,  which  is  enveloped  exler^ 
häUj  in  a  densa  rnund  network  of  fÄpillaries.  The  latter  of  a  diameter  of 
about  O'OOTa-O'Ol  15  mm.  in  the  dog,  and  00088^0*01 15  and  0  0114  mm. 
iü  the  calf,  are  arranged  in  meshes  of  an  averagi;  breadth  of  0'020 1-0^0:326 
mm.  Their  internal  surface  (fig.  426,  ti,  h)  is  clothed  with  I»>w  cylin- 
flrical  cells  about  0  0106  mm.  in  height  and  00113  mm,  in  breadth* 
Theae  resemble  epithelium,  and  contain  nuclei  of  alwut  0'0086  in  diameter 
(Peremesehka).  The  ceUa  separate  very  easily  from  the  walls  in  conse- 
fjuence  of  decomposition,  and  on  their  solution  the  nuclei  become  free. 
In  the  embryo  the  cavity  of  the  round  gland  capsule  is  represented  at 
lirst  by  a  finely  granular  substance,  in  which  cells  and  nuclei  are 
embedded.  Later  on  the  growing  cavity  is  usually  seen  to  contain  a 
homogeneous,  transparent^  and  alniost  fluid  substance,  known  as  colloid 
maiief  (p,  21),  By  it  the  whole  interior  of  the  gland  capsule  is  eom- 
plcetely  hlled  in  the  fully  developed  animal. 

The  recent  reseait;hes  of  Fre^  and  Pervmeschko  have  made  us 
acquainted  with  the  lymphatic  V€S»eia  of  the  part.  The  whole  envelope 
of  the  oi^n  is  covered  by  knotted  Irunk«,  which  take  their  origin  from 
a  network  uf  very  complicated  canals,  situated  in  a  deeper  layer  of  the 
former.  This  latter  network  is  formed  around  the  secondary  lohn  lea 
of  the  gland  by  the  reticular  intercomniunications  of  these  canals  (fig, 
425,  ^f). 
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Fram  the  peripheral  network  formed  of  canab  bun^owiBg  tUrougli  tli4 
coanectiTe-tisduo  of  tbo  capsule,  lateral  ramifications  tire  given  off,  whicl 
penetrate  into  the  iDterior,  and  gradaally  encloae  the  primär}^  lobes  in^ 
complete  nngs,  or  mare  or  less  perfect  arches  (d,  d).  Prom  these  a  few 
fme  terminal  passage«  with  blind  «nds  (e)  are  seen  ainking  in  hetween  the 
d  life  rent  vemcles. 

The  m^rües  supplying  ihm  organ  do  not  spring  from  the  vagus  or  h  jpd-J 
gioasus^  but  from  the  sympathetic,  entering  with  the  vessels  of  the 
They  consist  for  the  most  part  of  non-meduEoted  fibres,  forming  tr 
with    numerous    branches,    which    ramify  amid    the    connective -tissn« J 
between  the  lobes  und  lobules.     Among  them  may  be  seen  ganglion  cell%  J 
partly  isolated,  and  partly  arranged  in  groups  of  from  2  to  5.     Their 
mode  of  termination  is  as  yet  nuknown,  ejccept  so  far  that  line  termiJiÄl 
tilamenta  are  lost  in  the  connective-tissue  bounding  the  vesicles.     Con- 
tniry  to  the  general  opinion,  the  thyroid  gland  <^nnot  be  a&ld  to  be  poor  J 
in  nerves,  nay,  in  the  c^ili  it  appears  even  to  be  richly  auppliod  with  thi] 
latter  (FeremeseJtkü). 

The  structure,  as  it  has  just  been  deeeribed,  undergoes,  however,  a  rapid 
change,  even  at  an  early  period,  so  that  in  the  infant,  even,  we  may  meet 
over  a  considerable  area  with  modified  glandular  tissue,  in  such  quanti- 
ties sometimes  as  to  render  the  recognition  of  its  original  structure  of 
some  difficulty.      The  glandular  cavities  now  become  more  and  more 
filled  with  a  homogeneous  transparent  and  semifluid  substance  (tig.  425, 
^,  c),  a  product  of  the  transformation  of  the  gland  cells  to  which  the  name 
colloid  mattßr  hos  been  given  (fig.  426).     Later  on  in  life  the  cavitisi  , 
just  described  undergo  in  the  human  being  a  great  increase  in  volumd  \ 
through  increase  of  the  colloid  matters,  and  most  unmistakably  at  thd  ( 
expense  of  the  interstitial  con nei-tive- tissue,  which  suffers  compression 
An  extreme  degree  of  colloid  accumulation  leads  not  un frequently  in  man 
to  a  considerable  enlargement  of  the  whole  organ,  constituting  that  con- 
dition known  as  goitre,  the  glandular  airtima  of  Ecker. 

This  progressive  colloid  metamorpbosia,  in  which  small  wbitisli  semi- 
transparent  points  may  be  seen  even  with  the  naked  eye,  gives  rise  to 
compression  of  the  interstitial  connective-tissue,  and  with  it  of  the 
lymphatic  eanals  embedded  in  it  In  consequence  of  this  the  absorbent 
apparatus  decreases  more  and  more  in  efficiency,  while  the  blood-vessels, 
which  remain  pervious  for  a  longer  time,  continue  to  supply  material  fof 
a  continuation  of  the  colloid  metamorphosis.  Further  acenmulatioii  of 
this  substance  leads  to  obliteration  of  the  gland  vesicles,  the  conneettvt«- 
tissue  disappearing,  and  the  cavities  opening  into  one  another.  If  we 
now  examine  a  portion  of  the  gland  in  which  the  process  baa  advanced 
to  this  stage,  each  lobe  appears  as  a  pale  yellow  coloured  jelly-like  maas, 
enveloped  in  a  network  formed  of  the  dwindling  and  hatf-macerated  con- 
nee tive- tissue  bundles.  Finally,  it  may  come  to  past  that  a  whole  lobe  is 
metamorphosed  into  a  pellet  of  colloid  matter.  Hand  and  hand  with  these 
changes  anatomical  transformations  take  place  in  the  gland  celk,  the 
latter  becoming  filled  with  the  same  substance,  and  hnally  nndei^ 
solution. 

The  views  reRarding  the  functions  of  the  thyroid  gland  are  still  only 
hypotheticaL  The  fluid  which  may  be  pressed  out  of  its  substance  eon- 
taina  leucin,  hypoxanthin,  as  well  as  volatile  fatty  acid,  and  lac  tie  and 
ffiieclnic  acids.  The  specific  gravity  of  the  organ  has  been  set  down  by 
Kraust  and  Fisclier  at  1*045, 
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Frosu  RemaJ^B  inveatigations  as  to  its  ongiu,  it  would  appear  that  th« 
thjnoid  springs  in  tlie  form  of  a  saccule  from  the  miUUIe  line  of  the  anterir*p 
wail  of  the  pharynx,  aud  is  fonned  conseqiieutly  in  the  same  manner 
pritnarily  as  the  glands  of  the  intc^stine.  Soon  afterj  however^  it  becomes 
compliftely  separated  from  the  pharynx,  nud  out  of  the  Single  veaicle  two 
sacs  atb  formed  by  division^  wljich  aBsunie  a  lohulated  appearance  from 
in  dentations  and  constrictions  which  are  eventt-ially  developed  on  them. 
In  the  thickened  walls  of  these  sacs  solid  aggregations  of  cells  are  «ubee- 
quently  formed^  which  are  developed  later  on  into  the  gland  veaiules  of 
the  organ,  becoming  invested  with  an  envelope  of  connective- tissue,  within 
which  a  cettain  amount  of  fluid  collects  among  the  elements^  Tlje  large 
main  vesicle  on  each  side  appears,  likewise,  to  give  origin  to  glandular 
elements,  by  undergoing  constriction  at  various  points,  and  seems  thus  to 
work  its  own  obliteration*  According  to  F&rafimchko^  we  not  unfre- 
qnently  encounter  division  of  the  gland  capsules  as  phenomena  of  grow  th. 
The  thyroid  gland  is  probably  at  its  greatest  pitch  of  develo|iineiit  in 
the  neW'bom  infant^  and  becomes  very  sluggish  in  growth  a  ff w  weeks 
after  birth. 

The  mprarmtfü  bodies  (fflnndulm  mprareHalctt)  have»  on  the  other  hand, 
a  difiereut  origin  from  the  last,  namely,  from  the  middle  germinal  plate. 
Theae  are  double  organs,  in  regard  to  whose  functions  we  are  totally  in 
the  dark.  Enclosed  in  a  capsule  they  present  considerable  variety  of  suV 
fitimce,  both  from  an  anatomical  and  physiological  point  of  view,  and  we 
may  dislingniih  a  cortical  and  medullary  portion.  The  cortical  sulv 
atance  is  marked  with  radiating  streaksi  in  different  iintnialr;,  varying  in 
colour  from  a  brown  or  reddish,  down  to  a  whitish  yellow,  and  is  of  a 
tolerably  firm  consistence.  Contrasted  with  this  the  lightej^  greyish  red 
or  whitish  meduUaiy  portion  is  less  resistent  In  man  a  dark  narrow 
boundary  «one  may  he  observed  between  these  two  portions,  usually 
yellowish  brown,  but  at  times  greenish  or  blackish  hrown.  After  death 
this  breaks  down  rapidly,  and  becoming  fluid,  caufiea  the  loosening  of  the 
medidlary  part  of  the  organ  from  the  rest. 

The  envelope  (fig.  427,  c)  consists  of  connective- tissue  with  elastic 
elements.  Externally  it  merges  into  formless  areolar  tissue,  containing 
fat  cells»  Internally  it  gives  off  those  numerous  fibrous  processes  whicli 
traverse  the  organ,  and  in  their  ultimate  arrangement  form  a  fmmework 
within  wliich  the  cella  are  enclosed. 

Let  ns  now  glance  at  the  fnrtieul  mis  fame  of  tlie  suprarenal  bodies. 

Those  baud-like  processes  just  mentioned  are  tolerably  strong,  and  takd 
a  slightly  convergent  co^irse  inwards,  giving  to  the  eorlex^  which  in  man 
is  about  0*6  767-0' 1279  in  thickness^  a  librous  appearance,  distinctly 
visible  even  to  the  unaided  eye.  From  the^^e  numerous  bundles  of 
connective- tissue  coming  ofl^,  laterally  intercommunicate  with  others  aUo 
given  olT  from  the  internal  surface  of  the  envelope,  giving  nse  to  a  large 
number  of  glandular  cavities.  Near  the  surface  of  the  organ  these  latter 
are  generally  short,  hut  soon  attain  considerable  length  as  they  follow  the 
course  of  the  septa,  assuming  a  columnar  figure  (fig.  427,  a,  b;  42 8,  a). 
In  transverse  section,  however,  these  rows  of  t'dls  do  not  always  appear 
round,  but  not  unfrequently  present  to  our  view  oblong,  reniform»  and 
crescentic  configurations.  Again,  in  profile,  we  may  easijy  make  out  that 
«Itch   gland   cjliuders   divide  and   give  off  branchas   ui   acutes   angles. 
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Further  inwanls  still  tlie  caTittee  of  the  cortical  portiaQ  Lcacotue  aliafter 
micL  shorter,  a&^ninmg^  cQiieequently,  a  ntui^ 
foimded  form.  Fmta  this  point  oo  tlienw 
commeDceS;  in  llie  stroug  and  but  eliglitl/ 
altered  aeiita  of  coaaective-tiasue,  a  mpil 
iibrilJation,  the  iibres  converging  so  tliat  ih« 
further  we  advance  towards  the  ceiftre  of  ilia 
organ,  the  smaller  do  the  int^mtice«  becomes 
In  the  nodal  poinU  of  this  network  we  fijid 
nuclei,  the  general  arrangement  of  parLa  r^ 
aembiing  in  manj  respeet«  what  we  bav« 
»Ircady  met  with  in  lymphoid  reticuJÄr  con- 
nective sabst^ice  (Jiftstcn), 
■  ■■■■IHII  ^^  intefstbes  in  the  cortex  just  ailoded 

llaHlHIl        ^  contain  a  dark  viscid  maj33,  which  is  found. 
I1IHI1BI|        on  closer  in«pection,  to  be  made  up  of  tmktid 
1      IIHUIHl        ^^^^^  containing  albumiiious  graDule«,  and.  Hol 
^^I'BHIIBI         üafrequently,  numerous   fatty  molecule«   also 
(%.  428,  a  I  429,  d).     Within  ihemtt  bodi» 
of  the  foTTiier,  whose  diameter  is  about  0^135 
or  0  0114  mm,,  large  nuclüi  may  be  observed, 
measuring  from  0  0090  to  0*0056  mm.     Tha 
cells  situated  within  the  dark  boundary  KOia 
already  alladed  lo,  contain  large  quantities  of  brown  pigmentary  gnmuka 
Wliüe  the  more  inteitial  and  smaller  meähe» 
enclose  hut  a  ft:w  cells,  the  elongated  and  radiaiing 
compartments  contain   mültitudea  of  them  (tig. 
428),     The  latter  cavities  are,  besides,  traversiä 
bj  minute  übrous  bands,  forming  a  reticulum. 

Ai  to  a  mcmhmna  jjtopria,  &kch  ti^lomem' 
lion  of  cells  was  formerly  supposed  to  be  en- 
velo|:icd  in  one,  in  the  same  manner  as  a  glandular 
crypt  {Eeker);  but  this  covering  (Msrtamly  doe* 
not  exi^t  in  our  opinion. 

Elucidation  of  the  structure  of  the  delicate 
7nedullftrif  mihstance  is  attended  witli  great 
difficulties. 

We  see,  however»  that  at  the  mn%^T  border  of 
the  cortical  portion  the  fine  fibrea  of  the  frame- 
work, though  veTy  closely  anangedt  approach 
each  other  itill  more,  aud  are  inaerted  eventually 
into  processes  of  a  mass  of  tough  connecttY^* 
tissue,  which  occupies  tha  centre  of  the  of;gui  en-^ 
vel  oping  the  stronger  blood -vessels,  and  espeeiaUf 
the  large  veins. 

Enclosed  within  this  fine  sustentaculaf  auV» 
stance  of  the  medullary  portion  of  the  ofgan, 
a  number  of  large  oval  caviti^  are  to  be  aeen* 
llieae  exceed  in  size  those  of  the  cortex,  bul 
do  not  possess  the  same  radiating  armngeinoDt ; 
they  lie  mtUer  with  their  broad  surfaces  towards  the  centre  and  surface 
of  the  oigaa.  In  man  these  medullary  cavities  iippe-ar  to  be  generally 
imaller  and  rounder  than  In  other  animals. 
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Fig.  4f9.— Tt»h*t«tw  «sctlon  ihnroffH  the 
CQrtiesil  «»iibBtiincft  of  the  litunan  wapi*- 
renal  hody.    «t  (rmmöwork  of  con  nee* 

gland  cdU. 


Tbe»e  interstices  ure  likewise  occupied  by  naked  cellfi,  with  beautiful 
VBflioukr  nuclei  and  ünoly  grainilar  bodies, 
iatly  mole^inles  are  prestint,  however^  in 
this  caae  in  but  email  quaBtitj.  The 
dimensions  L*f  ihe  culls  (O'OlBU-0'0350 
jiim.)  ei£CL*ed  those  of  the  eortical  elements. 
Owing  to  their  süftneiSp  abo^  thejüceom- 
modate  themselveö  one  to  another.  From 
the  fact  of  their  form  being  Bomüwhat 
that  of  a  thick  angular  pi  ate,  they  rei:all 

Llo  mind,  when  aean  froui  tho  aide«  the 

'^fippearance  of  columnar  epithelium«  It 
ia  a  pKJint  worthy  of  note  that,  whiie  the 
cells  of  the  cortical  portions  of  the  oj^an 
»re  but  slightly  affected  by  the  action  of 
bichromate  of  potash,  the  bodies  of  these 
which  are  now  under  consideration  ac- 
quire a  deep  tinge  of  brown  from  immer- 
aiou  in  a  solution  of  this  salt  {Hmile)\ 

The  hhod'VtmeU  of  the  suprarenal  body 

oßar  many  peculiaritiea  for  our  consideration.     They  are  very  abundant 

in  this  oi^an.     Multitudes  of  small  arterial  twigs,  partly  from  the  aorta 

and  partly  from  the  phrenic,  caeliac,  lumbar^  and  renal  trunks»  penetrate 

into  the  interior  of  the  suprarenal    body   with  numerous  ram tli cations, 

and   break    up    there   into   a   network    of  capillaries,   whü!?e   elongated 

aeehea  aro  arranged  in  the  direction  of  the  radiating  bauds  of  tissue 

rithin  the  oi^jan,     The^e  small  tubes  have  a  diameter  of  about  0-0059- 

'0074  mm.,  and  follow  the  conrae  of  the  connective-tissue  processes 

f  which  traverse  th«  cortical  substance.  The  mesljes  formed  by  them, 
measuring  about  0'0451-^'0564  mm.  in  length,  and  Ü02t3 3-0 '0201 
mm.  in  breaiUti,  invest  eventually  the  many  agglomerations  of  cells  already 
alluded  to.  The  medullary  portion  appeara  to  have  no  true  cupiUarieiv  &nd 
the  cortex  i.^  certainly  destitute  of  venous  twigs. 

On  entering  the  medulk  the  arteriid  capillaries  liecome  larger,  and 
fürm,  by  anastomosis,  a  number  of  vessels  of  considerable  caljhrt\  These, 
theUf  continue  to  join  one  with  another  at  acute  angle^i,  maintaining,  as  a 
ruh,  tlie  direction  of  the  capillaries  of  the  cortex.  Thus  the  whole  of 
the  medulla  becomes  occupied,  to  a  great  extent,  by  an  uncommonly 
highly  developed  venous  network  of  tubes,  measuring  0  0200-0*0293 
inm,  and  upwards,  with  interspaces  between  them  of  Ü  0200-0 •0345  mm. 
The  union  of  tbese  veSÄcls  producea  larger,  which  empty  themselves  into 
the  usually  i^ingle  lar^e  venous  trunk ^  situated  in  tlte  centre  of  the  organ, 
Thus  we  find  the  cortical  portion  traversed  by  a  delicate  arterial  interlace- 
ment, and  the  medulla  occupied  by  a  coarse  venous  network. 

Ab  regards  the  hjmphvtiim  of  the  organ,  we  po^eas  at  present  no 
reliable  information. 

The  chief  interest,  liowevear,  wliich  attaches  to  the  medulla  is  owing  to 
its  great  richness  in  nerves  {Bergmantt}  which  are  arranged  liere  in  many 
mammals  in  a  highly  intricate  plexus  of  microacopic  minuteness,  in  which» 
Eiccotd.ing  to  Holm^  ganglion  cells  may  be  recognised.  Owing  t^  this  it 
haa  been  surmised  that  the  suprarenal  body  has  some  connection  with  the 
nervoua  system.  The  final  termination  of  the  nerves  is  still  unknown. 
The  cortical  portion  often  appears  to  be  utterly  devoid  of  nerve  hbrea. 
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As  TOgafdfl  the  compcmtiofi  of  tbe  eoprarenal  hody,  we  only  poeseai  i 
few  notes  at  present  Ita  speciBc  gravity  iii,  according  to  Kraum  and 
Fischer,  1*054.  It  conlmni  ieucia  and  myelin  in  large  quantitiua 
{Virchoft),  Holm  hsks  also  met  with  inoatte  and  taurin  in  tbe  i3X. 
Among  the  gtamitiivom,  hipptixic  and  taurocholic  acids  are  ali*o  stated  by 
Olom  and  Vulpian  to  be  present  in  the  organ  in  cjuestion  (I)  AaoÜi« 
matte?  was  aUo  discuver&d  iti  tbe  medulla  by  Vulpiafi,  and  its  presence 
conteued  by  VircJtoWt  which  became  red  on  expoBure  to  the  air  and  m 
the  addition  of  iodine  in  solulloa,  and  bkckish  blue  under  the  action  of 
chloride  of  iron. 

We  are  still  entirely  in  the  dark  aa  to  the  piumolorfkat  significance  of 
ihe  suprarenal  bodies.  They  are,  however,  iüble  to  tindergo  many 
morbid  changes,  which  have  reoently  beoome  the  subject-  of  much  con- 
sideration in  their  relation  to  the  sa^€alled  Morbus  Addi^onii,  Tbii 
manifests  itself  in  very  emaciated  subjects  as  a  very  deep  discolof»iion 
of  the  skin,  together  with  disoiganisaUon  of  the  suprarenal  bodies.  The 
tingeing  of  the  skin  is  produced  by  the  presence  in.  the  deeper  layer* 
of  cells  of  the  mte  mwcasum  of  either  a  difluse  or  very  finely  molecular 
pigment  of  a  yellowish  or  yellowish  brown  colour^  That  peculiar  colouring 
matter  in  the  boondarj  xone  between  the  medullary  and  cortical  portion  of 
the  organ  which  we  have  already  considered  above^  ib  very  possibly  coa» 
nected  with  this  very  obscure  and.  enij^matical  phenomenon. 

The  supraienal  body  is  developed  at  the  same  time  as  the  kidney,  but 
independent  of  it^  fipom  an  aggcegation  of  cells  in  the  middle  germinal 
plate.  It  is  a  curious  fact,  that  during  the  earlier  portion  of  intra-uterini' 
<*xiBtence  the-ee  bodies  at  ßnst  exceed  in  magnitude  the  urine-secreting 
oi^ana  At  about  the  twelfth  week  in  the  human  subject  they  are  about 
equal  the  latter  in  si»e,  and  from  timfc  on  they  remain  more  or  le^ 
stationary.  The  histogenesis  of  these  organs,  however,  is  not  yet  qui  to 
^settled. 

§  23a 

The  pitnitary  body,  or  hjpophysü  cerebri,  was  formerly  suppoded  to  be 
a  glandular  stmoture,  but  was  eubeequeutly  classed  among  the  nervous 
organs. 

Present  in  all  five  classes  of  vertebra  to,  but  smallest  in  man  and  the 
mammalia,  it  consists  in  the  latter  of  two  portions  or  lobes.  In  the 
smaller  posterior  part,  which  is  greyish  in  colour^  we  meet  in  a  connective- 
tissue  substratum  with  fine  Isolated  nerve  tubes,  cells  resembling  ganglion 
corpuscles,  a  quantity  of  sustentacular  connective^ tissue,  with  fusiform 
cells  and  blood- vee^s,  but  no  glandular  elements. 

The  anterior  lobe,  much  larger  and  redder,  has  by  no  means  the  same 
structure.  It  Ls  traversetl  by  a  canal  according  to  Pertsm^schkö,  and,  as 
was  found  many  years  ago  by  Eckcr,  it  possesses  great  similarity  with  the 
so-called  blood -vascular  glands.  Hero  we  encounter,  within  a  connective^ 
tissue  framework  Yery  richly  supplied  with  blood-vessels,  roundish  or  oval 
glandular  cavuu*s,  measuring  in  man  and  among  the  niammalin  0  0496- 
0*0699  mm,  I'hese  are  occupieii  by  cells  of  about  0-0140  mm.  in 
diameter,  with  tolerably  large  and  finely  granular  bodies.  Here  also  we 
find,  according  to  Echtr  and  PeremflwA^,  a  colloid  metaraorphoais  of  the 
celb,  like  that  which  takes  place  in  the  thyroid  gland.  The  canal,  whotie 
form  is  very  various  in  difierent  animals,  is  lined  among  the  latter  with 
Hattened  cells,  which  in  man  are  ciliated.     It  is  continuous  with  the 
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cÄvitj  of  tlm  infundibulum.  Bekind  the  canal  the  gland ulür  tissue 
aasümes  a  somewhat  dilierent  chameter.  Here  we  remark,  besides,  a 
finely  granular  mas*«  and  free  nuclei,  cells^,  whuse  hodies  seem  poor  in 
granular  eubstanec.  Colloid  vesicles  are  also  to  be  found  here  ;  the  frame- 
work is  formed  of  a  somewhat  more  highly  developed  connective- tissue 
tlian  elsewhere. 

The  pituitary  body  is  richly  supplied  ivith  iiiterkcing  capiltaries, 
0-0050  urni.  in  diameter,  the  anterior  portion  being  mmt  vasculai' 
{Fertmmdikoy 

8orae  years  ago  an  extraordinary  little  organ,  of  roundish  figure,  and 
about  2  mm.  in  diameter,  was  discovered  by  Lmthka,  wliich,  owing  to 
its  position  on  the  tip  of  the 
coccyx,  he  named  mccygcal 
tjlumL  The  structure  of  this 
body,  as  described  by  the  dis- 
coverer, resembles,  if  we  except 
several  peculiarities,  in  general 
that  of  the  blood- vaücuJar 
glands,  namely,  the  hypophysis 
cerebri  aud  suprarenal  eapsiüea* 
The  subi^pqueiit  researches  of 
Htjiie,  Rrttntfc,  aud  Koeilik^r, 
have  not  shown  any  essential 
inaccuracies  in  his  description. 

Like  the  pituitary  body,  the 
coccygeal  gland  is  placed  at 
one  extremity  of  tlio  sympa- 
thetic chain;  and,  like  the 
eupmrenal  capsule,  it  is  rich  in 
nervous  elements.  As  gland- 
ular elements,  it  is  stated  to 
contain  round  vesicles  and 
simple  and  branching  follicles, 
imbedded  in  a  tolerably  solid 
con  nee ti  ve  - 1 1  ss  ue  i  n te  rs  persed 
wi  th  numerous  elongated  nuclei. 

The  coccygeal  gland;  whicli 
is  very  vivscular,  receives  its 
blood  from  a  branch  of  the  sacra! Is  tncdm. 

The  accuracy  of  this  description  has,  hctweverj  beeE  recently  questioned 
by  J.  Antoldy  in  toto.  According  to  him,  the  organ  does  not  contaiji 
glandular  elements,  but  belongs  rather  to  the  vascular  system,  being 
composed  of  a  multitude  of  saccules  communicating  ^inth  the  arterial 
twigs  of  the  part  (fig.  430,  fi,  e),  Wlien  strongly  marked  these  may 
form  a  system  of  convoluted  diverticula,  recalling  to  our  minds  the 
glomeruli  of  the  kidney,  and  possessing  always  the  same  structure  as  the 
walls  of  arteries,  with  a  t^trongly  developed  externa!  layer  of  longitudinal 
muscle  fibre«  (A,  i).  Groups  of  these  sacoules  may  open  immediately  into 
the  arterial  twigs  {«),  and  are  like  them  filled  with  blood ;  they  may, 
however,  owing  to  the  lineness  of  the  aJferent  and  etferent  blood- vereis 
{d%  c,/),  appear  to  be  complet^^ly  closed  on  all  sides.  These  statements 
iiave,  however,  been  again  questioned.  The  glanduhir  structure  of  the 
organ  has  once  more  been  insisted  on,  the  cells  supposed  by  Antold  to  be 


Fl^i^',  4DO. — Vjjcitfjtf  ilttfirtlciilum,  ft,  f»  of  I  he  cftwyKeml 

«rierlal   twig;    f ^  /  bmticUet  which   bTt*k.  u^  iBta  ft 
pitriJl]»ry  tiffiwoskj  h,  i,  tnuwnter  ifuur;  p»  enrtltip« 
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emiothelium,  are  regardöd  nowr  ns   covering  yesaels  situated  iB   ita  in- 
terior. 

The  so-called  ganglion  inkrcaroHammt  whiuh  was  fountl  by  Lmckka  to 
be  verj  similar,  as  regards  its  microscopical  appearau^^e,  to  the  coocygeal 
gland,  has  also  been  declared  by  Arnold  to  have  the  same  peculiar  vascular 
structure  as  the  latter. 

0.  Beepiratoiy  Apparatus. 

S  339. 

The  T&^lratory  apparatimm  made  «p  of  a  sgsiem  of  hramhing  earn 
far  the  entrance  and  exit  of  air,  and  a  pi'oper  respiratory  part  The  timt 
of  these  is  represented  by  the  larytix  trachea  and  its  ranuticationii,  th« 
latter  by  tlie  lungs,  Tlie  whole  may  be  compared  to  a  raceraoso  gland, 
rt  presents  impoitaiit  peculiaritiea  as  well  physiologically  as  anatomically« 
and  especially  in  the  high  development  of  its  elastie  tissue. 

The  lari^nx  consists^  we  know  from  descriptive  anatomy,  of  sei? 
eariüagMf  the  ligaments  connecting  tbe^e  one  with  another^  the  rm 
by  which  they  are  moved»  and  a  lining  of  mucotw  memhrftne. 

In   describing   cartilaginous  tissue  wo  have   already  referred  to  the 
vajious  cartilages  of  the  larynx*     These  afford  examples  of  the  düTert^nl 
species  of  this  tissue.     The  thyroid,  crycoid,  and  arytenoid  are  formed  of 
hyaline  substance.     At  certain  points  in  the  latter,  however,  najnely,  in 
the  processmt  vticalk  and  apex,  a  change  into  elastic  cartilaginous  tissti«j 
has  already  commenced  (§  107,  p.  176),     The  cartilages  of   Wrläbtrtj  andl 
Santormt^  and  the  epiglottis,  are  entirely  formed  of  the  latter  tisane  (§  108 
p.  180),  while  the  a  intic*ja  appear  to  be  principally  composed  of  Übrouti 
tissue  (§  109,  p.  181). 

The  HgaimnU  of  the  larynx  are  either  almost  entirely  composed  of 
elastic  fibres,  or  are  at  least  very  rich  in  them  (p,  229),  Tho^e  in  whicli 
the  essentially  elastic  nature  is  best  marked  arc  the  vocal  cords,  thfl 
ligamenia  iftt/reo-anjfmnoidea  in/er iöt*a. 

The  muscles  of  the  larynx  belong  to  the  striped  class  (§  164,  p.  103). 

The  epigiottis  h  in  the  human  subject  covered  on  its  anterior  surface 
with  a  strongly  laminated  epithelium  02  or  03  mm,  in  depth,  and  on 
its  posterior  aspect  with  a  mucli  thinner  bed,  only  0*0ö  or  0*1  mm.     The 
lower  part  of  the  latter  id  lined  with  laminated  ciliary  epithelium  04^  . 
mm.  or  even  more  in  tluckncss. 

The  mitcotis  memhrane^  which,  especially  in  ita  deeper  portions,  is  xicll^ 
in  elastic  tissue,  presents  as  a  rule  a  smooth  surface  and  tough  texture. 

At  certain  points,  however,  it  presents  larger  or  smaller  papiljj;i^  m  oq 
the  true'  vocal  cords.      Its   moat  superdcial  layer  contains  lymph 
puscles  embedded  in  it  close  under  the  epithelium.     These  may  be  pre*' 
sent  in  such  number  aa  to  give  rise  to  regular  lymphoid  follicles,  single  or 
grouped. 

Finally,  it  is  studded  with  numerous  racemose  mucous  glands,  either 
scattered  or  crowded  together  in  certain  situations.  The  bodies  of  these 
glands  may  lie  embedded  in  depressions  in  the  subjacent  cartÜage«  It  is 
by  the^e  organs  that  the  mucus  of  the  larynx  is  secreted.  Their  excretory 
canal  appears  thick- walled,  and  the  acini  are  frequently  elongated  and 
cloth fttl  with  low  columnar  cells. 

From  the  base  of  the  epiglottis  and  false  vueul  cords  the  epiikclium 
(with  the  exception  of  that  clothing  the  true  oordsi  which  is  of  the 
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laminated  flattened  specieä)  consisls  of  a  slightly  laminalod  hyar  of  cili- 
ated cells  (1)  (p,  140)-  Among  these  are  scattered  a  certuin  number  of 
beaker  celie^  whic}i  are  ali^o  present  in  the  iTachea  and  its  mmiiications, 
acco riling  to  Gi'ffenhatir  and  Kuauff. 

The  mrvftif  supplying  the  larynx  afe  braiichea  of  the  vagus^  namt-ly, 
the  lartjmj€m  syfKrior,  composed  of  fine  medullated  fibres  prininpally 
seiwitive,  and  tiie  /.  inferiar^  formed  of  broad  filaments^  and  c^entially 
motor»  TLeir  mmitications  have  in  many  cases  microscopically  email 
ganglia  connected  with  them.  Tbey  are  distributed  to  the  muscles,  the 
perichonddnm,  and  the  muroiu  membrane.  Their  terminal  plexuses 
may  be  recognised  in  the  latter,  but  not  the  ultimate  ending  of  their 
primitive  hbriUfe* 

l^othinfj  tin  usual  i&  to  be  seen  in  re«,^ai'd  t'^  the  hlood-vemd«.  The 
If^mphutir.if  are  numerons»  unil  are  arranged  in  ihf»  mucoÄa  and  sub* 
m neons  layer  in  a  anperftciai  and  deep  network,  whieh  are  not,  however, 
sharply  delined  against  one  another  in  all  cassea  (l^ekhmtum). 

{  240. 

The  tmcluUf  with  its  Uranches  the  bronchi^  m^j  he  descrihed  as  a 
mmifyin^'  tube,  conBisting  of  a  strong  fibrous  tissue,  in  whose  anterior 
wall  lie  embedded  the  annul*  Cftrii/u^inei,  Thus  the  fibrous  tube  pre- 
&enta  in  the  first  place  perichondrium  ^  and  then  the  it  ferment  a  Merun- 
fmiarla  connecting  the  half  rings  of  the  tnvcliea  one  with  the  other,  and 
finally  closing  the  cartilaginous  canal  l>ehind  the  mmn}yrana  h^aniiverm. 
The  latter  is  strengthened  internally  under  tlie  raucous  membrane  by  a 
thick  liiyer  of  muscular  bundles,  rtmning  for  the  greater  port  tmnaveraely. 

The  fibrous  tissue  of  which  the  canal  is  principally  formed  posBesaes 
besides  an  abundance  of  elastic  fibres  {p.  229). 

The  trachr.ai  cartitaged  belong  ki  the  hyaline  species  (§  107),  and  ha%o 
nothing  remarkable  about  them. 

The  mammlar  sulistanee  of  the  wind -pipe  is  made  up  of  smooth  fibres 
(§  163).  It  is  about  D^d-1^2  mm.  thick.  Tlie  great  abundance  of  elastic 
tiasue  present  tliroaghout  the  whole  respirator}'  apparatus,  allows  also  of 
the  formation  of  beautiful  elastic  tendons,  tluDUgh  which  these  mtiseles  are 
attached  t^  the  perichondrium  on  the  extremitii's  of  the  annuU  cariHa- 
ginei.  External  to  these  transverae  mu^icular  t ihres  there  are  frequently, 
though  not  invariably,  found  a  ntimlier  of  scattered  longitudinal  bundles 
which  take  their  rise  from  the  fibrous  wall  of  the  canal  {KoeUiker). 

The  jnumint  Tnembfanf}  of  the  trachea,  0*13  or  0"15  mm,  in  thiekness, 
contains  a  multitude  of  racemose  mucous  glands,  in  some  instances  small 
and  «imple,  in  others  large  and  complex,  in  wljieli  ease  the  body  of  the 
OflpLn  reaches  deeper  into  the  wall  of  the  tube.  The  larger  glands  are 
situateil  partly  between  the  rings  of  the  trachea,  and  partly  in  the  pos- 
terior wail,  in  which  a  regular  la3'er  of  them  presents  itself. 

The  surface  of  the  mucous  membrane  is  clotheil  with  ciliated  epithelial 
cells,  of  0  0594  mm.  in  height,  interR^jersed  with  beaker  cells. 

The  trachea  is  also  richly  supplied  with  bhod-vemeh  and  l^mphafim. 
The  latter  are  arranged  in  s  superficial  layer  of  minute  canals,  measuring 
in  diameter  0  0678  mm.,  lying  in  the  mucosa^  and  taking  principally  a 
longitudinal  direction,  and  a  deeper  set  of  much  larger  tubes  01)941  mm. 
in  diameter.  The  course  of  these  stronjijor  trunks  is,  at  least,  partly 
transverse  (Tmekmann),  The  nerve*  of  the  part  which  are  supplied  by 
the  sympathetic  and  inferior  laiyngeal  ret^uire  closer  study. 
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§24L 

We  tuni  now  to  ike  coDBidemtioa  of  the  lumfs. 
These  organs  may,  as  rogardi  form,  be  (lora pared  to  Tacemoee  glfloda.  This 
resemblance  is  also  seen  in  their  mode  of  development:  The  exctdofy 
mtials  are  represented  bj  tlie  bronchial  ramiücationÄj  and  the  actm  ty 
the  air-resiclea*  Beaides  these  jirjmerous  blood-vesseb,  lymphaticSj  nerffisv 
ami  connect!  vent  issue  strncttires  enter  into  their  compoaiiion. 

The  two  bronchi,  which,  as  is  well  known,  divide  again  into  two  before 
their  entry  into  the  roots  of  the  lungs,  c^ntinoe  to  Bub divide  with  the 
factor  twof  and  at  aaute  angles^  on  entry  into  the  OT^n,  so  that  a  multitude 
of  ever  decreasing  canals  is  soon  formed.  The  cartila^nouB  supports  lose 
from  this  on  the  character  of  rings,  and  assume  rather  the  form  of  imeguiiir 
plates  and  scales,  which  are  no  longer  contiued  to  the  anterior  wall,  but 
t'oi  the  rratj  as  far  as  their  texture  m  concernedt  differ  in  no  re&pect  from 
those  of  the  trachea.     The  last  traces  of  cartilaginous  plat*;®  are  only  lost 

in  bronchial  twigs  of  extreme  llneness, 
Gerlarh  having  found  them  in  those  ot 
only  0-23  mm.  diameter.  The  walls  of 
these  tubules  present,  but  in  decreising 
atreng^thj  of  course,  the  eamo  übrous  Uyer 
that  we  have  already  seen  in  the  trachea, 
and  a  mucous  membrane  with  ciliatetl 
cells,  which  loses  gradual ly  it«  laminated 
structure,  until  there  only  remains  at  last 
hut  one  single  layer,  00 135  mm,  in  height» 
of  dwarfed  cells  {p,  149)»  Briaymoitt' 
mucoim  glands,  likewise,  present  them- 
selves here  until  we  pass  into  canals  of 
extreme  finenesa  The  smooth  muscular 
layer  which^  as  we  have  eeen  in  the  foregoing  section,  exists  in  the 
trachea,  forms  around  the  bronchial  passages  a  continuone  tunic.    It  may  be 

followed  here,  likewise,  down  to  the 
very  finest  tubes,  and  is  present  possibly 
even  in  the  neighbourhood  of  the  aj^ 
vesicles,  but  is  certainly  not  to  be  found 
on  the  latter.  In  the  very  fin^  tubes 
the  mucous  membrane  and  e)(tenial 
fibrous  layer  become  eventually  fuse«! 
into  one  single  thiu  coat,  made  up  of 
a  homogeneous  membrane  surroucidad 
externally  by  eketic  fibres. 

Owing  to  this  progressive  sub-tli vi- 
sion, together  with  which  small  lateml 
twigs  are  given  oft'  from  the  larger 
bronchi,  a  very  complex  system  of 
branching  passages  is  produced. 

At  the  end  of  the  last  bronchial  Iwig« 
(%  431,  a),  tubes  of  0\l-0'2  mm.  in 
diameter,  we  come  upon  the  true  re- 
spiratory part  of  the  organ.  This  con- 
sists, in  the  first  place,  of  thin -walled 
across»      To  these  the  name  of  alveolar 


Klg.  41 L— A  portinu  of  the  Itm;  tti  w 
up«  (Oeri&piih^m}  fll]c>d  wUh  qimk* 
vUrtr  (ifter  F.  S,  Schutte)^  «,  «nd  af  a 
bronchi ii.t  tw[g*^  c,  alveoUr  pubig«^;  A, 
Liifaii<lltiuU. 
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iag^  hm  been  givea  by  Scltidzc  {fig  431,  h;  432,  c).  Thej  are  »ub- 
divided  agnin  at  «cute  angles^  and  end  Jiually  in  peculiar  dilutatioim  (431, 
b;  432^  a).  These  are  the  no  cfdhd  pr 4 >7tary  pulnionm^  lobuleif.  They 
at«  of  filntrt  conical  figure^  and  liave  leceived  Irani  Iitüssif/mil  ibe  imme  of 
itifumiibula. 

These  primary  lobuli  correfipond,  to  a  c«rtaiii  oxtent^  with  tlie  primary 
lobales  of  the  racemose  glande,  and  are  like  them  made  up  of  terminal 
veiicles,  as  a  rule  roundish,  but  polyhedral  wheti  strongly  distended. 
They  are  always  met  with  on  the  surface  of  the  organ  in  this  form. 

There  w^  however,  a  difference  between  the  two,  While  the  öaccules, 
namely,  of  every  genuiae  racemose  gland  remain  mure  or  leas  distinct 
from  one  another,  the  analogous  parU  of  the  respiratory  organs,  to  wiuoli 
the  namea  air  ceiU^  pulmonary  vp^ietesj  atmoU^  or  Mulpighian  cdh^  have 
been  given,  are  far  less  isolated.  I'hey  appear  to  be  mtlier  saccular 
dilatatioDs  in  the  wall^  of  the  primary  lobules^  in  which  no  further 
canala  are  to  be  discovered,  all  the  alveoli,  on  the  contrary,  opening 
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n|  tlh«  cjir'lllirj  ntt^arork  of  tha  p^rt^  «ith  II»  t«ii(lr{]-1lk«  ttib?«  proJfeetlAft  Into  t]i< 
CATÜlefl  «f  the  »treoU  i  «^  l-frnnfn»  of  epItUetltun. 

directly  into  a  common  cavnty.  In  the  adult  body,  moreover^  absorption 
of  the  walls  between  the  several  air  cells  of  an  inßindihuinm  may  take 
place  {Adriani). 

The  Bide  walls  of  the  alveolar  passages  are  also  thickly  covered  with 
numbers  of  similar  pulmonary  vesicles  i^^  431,  c,  c). 

In  sections  of  pulmonary  tissue  (fig.  433)  the  more  or  less  round  ot 
oval  form  of  the  vesicles  may  be  recognised  in  the  open  spaces  of  varying 
size  brought  into  view  (Z>},  agreeable  to  the  description  juat  given. 

The  diameter  of  the  alveoli  is  generally  stated  as  ranging  between 
0-1128  and  0  3760  ram.  Their  great  elasticity  admits,  of  course,  during 
life,  of  their  dilatiitiort  to  a  great  degree,  so  that,  as  we  would  expect,  the 
vesicles  are,  at  the  end  of  inspiration,  much  larger  than  during  ejcpiration. 
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Complete  coUapse  or  diatension  of  the  air  eelb,  however,  never  Ukt?» 
place  under  normal  conditions  in  the  lung.  The  poiaibiJity  of  this  is  pre 
claded  by  the  situation  of  the  organ.  This,  namely^  is  hermetioilly  mmied 
np  witliin  tlie  cavity  of  the  chest.  On  account  of  it«  distenaibiliiVj  there- 
fore, it  faUovvg  all  the  motions  of  the  thorax  in  inspiration,  most  accumlelj 
lying  in  contact  with  every  part  of  the  internal  surface  of  the  hiiten 
Theo,  on  account  of  its  elastic  nature,  and  aided  by  the  niuaeles  of  iu 
air  pjtasages,  it  contracts  with  every  expiration  as  much  a^  is  admitted  of 
by  the  walls  of  the  chest  It  never,  however,  goes  eo  far  lis  entire  ooUapee, 
which  is  only  n^ached  naturally  when  the  cavity  of  th«  thoratx  ts  laid 
open,  on  winch  it  at  once  takes  place. 

'  If  we  now  inquire  into  the  texture  of  this  elastic  alvoölns»  which  ii 
constantly  expindtn^  and  contracting  during  life,  we  will  find  a  few 
points  elucidated  by  iig,  433.  The  walls  of  the  air  vesicles^  as  continua* 
tions  of  the  üneät  bronchiai  mmifieationSj  present  for  our  consideration^ 
in  the  first  place,  an  extremely  delicate  membrane  of  connective-ttssue, 
measuring  about  0*0023  mm.,  and  less,  in  thickness.  At  the  right  side 
of  the  plata  a  portion  of  this  may  he  seen  in  the  l&rgc  central  aH^eolii 
This  very  Hne  menibrane  serves  to  connect  the  crowded  capÜlaries  of 
walls,  and  probably  clothes  the  surfaces  of  the  latter.  We  require»  how* 
ever,  further  research  on  tJiis  point  l>efore  it  can  he  establiijhed. 

Thii  membrane  of  the  air  cells  is  then  coven?d  oxttrnally  by  a  git*alir 
or  smaller  number  of  elastic  fibres,  varying  greatly  as  to  thickness.  They 
present  themselves  either  scattered  or  in  group?.  The  strongest  fibre«  are 
to  be  seen  iu  the  interalveolar  septa,  especially  between  adjacent  vesiclfs^ 
closely  packed  together.  The  remaining  portions  of  the  alveolns  aiv 
poorer  in  them  than  the  entrance,  and  especially  iho  fimdus.  Hera  mv 
to  be  seen,  scattered  at  wide  intervals,  the  most  delicate  elastic  elemenlB, 
mesinnng  perhaps  0  0011  mm.,  and  appearing  like  reticular  conneetiom 
between  the  air  vesicles.  The  limiting  menibnuie,  on  the  other  band, 
does  not  appear  to  possess  many  nuclei,  most  of  those  whrch  are  to  Iw: 
seen  probably  belonging  to  the  capillaries  or  epitbeha. 

These  primary  lobule.^  of  tho  lung,  beat  studied  in  the  infant,  the 
structural  relations  often  becoming  very  indistinct  in  the  adult,  enter 
again  into  the  formation  of  the  secondary  lobnli^  connected  together 
through  the  medium  tif  connective-tissue.  The  diameter  of  these  latter 
may  be  roughly  estimated  at  1  or  2  turn.  They  are  more  distinctly  set-n 
in  the  adult  than  in  the  infant,  in  the  form  of  polygonal  fields  on'  the 
äurface  of  the  organ,  marked  out  by  the  deposit  between  them  of  bimek 
pigment 

By  the  aggregation  of  these  lohnli  tho  larger  lobes  are  gradually  formed» 
the  consideration  of  which  belongs  to  descriptive  anatomy. 

It  is  a  curious  feature  in  the  existence  of  the  interstitial  connectives- 
tissue  of  the  lung,  that  there  is  usually  a  certain  amount  (frequently  very 
large)  of  black  pign^ent  deposited  in  it  The  walls  of  the  air  vehicles,  also, 
may  likewise  be  affected  in  the  same  way ;  besides  wliich,  moleculea  of 
this  sul}stance  are  met  with  in  the  protoplasmic  bodies  of  the  E^rrialier 
epithelial  cells  of  the  respiratory  tuhe^,  and  in  certain  rounded  corj*usclea 
connected  with  the  mucus  of  the  part.  We  have  already  referred  to  the 
pigmentation  of  the  bronchial  glands  (p*  4 1 8), 

It  was  for  a  long  time  supposed  that  this  pigmentation  resulted  from  ft 
deposit  here  of  true  melanin.  But  from  the  fact  of  its  not  being  present 
in  the  lungs  of  wild  animals,  while  in  man,  living  in  an  atmosphere  of 
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smoke,  atid  loetded  witli  soot,  it  ia  found  in  large  quanUtiea,  it  was 
inferred  that  tlie  true  origin  of  the  piguaentation  must  lie  in  the  iuspim- 
tion  of  particles  of  carbonaceous  matter.  This  view  seems  to  be  coBÜrmed, 
farther,  by  observations  made  on  the  oi^n»  of  those  engaged  in  oecupa- 
liona  which  necessitate  their  breathing  an  air  charged  with  supended  dust 
of  various  kinib^  aa»  for  instance,  those  of  coal  miners,  whose  lungs  may 
be  fouiui  to  be  perfectly  black.  It  was  also  discovered  that  large  frag- 
ments of  wood  charcoal  often  make  their  way  into  the  air  vesicies,  and 
llmt  the  lungs  of  animals,  when  confined  in  sooty  chambers,  become  qttite 
bkck  (Knanff).  That  a  deposit  of  genuine  melanin,  however,  does 
also  take  place  in  the  lungs  and  air  passages,  as  well  as  in  the  bfonchial 
glands,  is  beyond  doubt,  but  we  are  unfortunately  unable  as  yet  to  dis- 
Unguis h  between  the  two  kinds  of  particles. 

RF.MAnKS.— AdisCtDction  Wtwecu  '"mnihraktma'^  atiit  **  rtuianosut'*  of  tbe  reapiiv- 
ti>ry  orgiiQi  may  bo  made.  The  cells  which  w«  have  given  in  fig.  95,  frequent  oou* 
stitiirnts  of  tha  sprnta,  ara  in  maay  iastaace«  gs^ioinü  mtslanin  cells ;  but  in  other 
ciuK-s  wUicU  may  he  »et  down  sui  more  the  rule,  the  con  tractile  Iwdy  of  the  cdl  has 
lakcA  up  line  c«rbonaceoaa  jmrticlea  from  without.  We  must  conf««3,  however»  that 
tho  dfiposit  of  these  matiera  in  the  interstitial  eonnectiv^-tiaaue  of  the  laag  and 
|Hue&Ghyma  of  the  bronchial  glanda  ia  atiU  ii  aabject  of  great  obaearxty. 

f  242, 

There  now  remain  for  our  consideration  but  a  few  more  strocturni 
relations  in  dealing  with  the  lunj^,  There  are  the  arrangement  of  its 
blood  and  lymphatic  vessels,  epithelium  of  the  air  veaieles,  nerrsi,  ami 
serous  covering. 

The  blood-ve^^ia  of  the  organ  receive  their  blood,  as  ia  well  known, 
from  two  sources:  firstly,  from  the  bronchial;  secondly',  from  the  pul- 
monary arteries.  The  first  of  these  serve  the  subordinate  purpose  of  yield- 
ing nourishment  to  the  ÜBsue  of  the  organ  ;  the  second  are  set  apart  for  the 
reijuiroment«  of  respiration.  The  distinc- 
tion between  the  two,  however,  ia  by  no 
means  sharp. 

The  arhrht  pulmonafiä  divider  and  «lib- 
divides^  following  the  ramificationa  of  the 
bronchi,  and  arriv^ea  thus  with  iU  twig« 
between  the  lobuli.  Here  a  further  spliir 
ting  up  occurs  until  very  fine  tubes  are 
formed,  which  penetrate  into  the  elastic 
rid- work  between  the  pulmonary  vesicles 
(fig*  434),  often  suVdividing  still  further  in 
tliöir  conrse  here.  At  tlje  same  time,  the 
most  extensive  anaatomosis  takes  place,  so 
that  imperfect  or  even  complete  rings  are 
formed  (6).      From  these  a  multitude  of 

c«iHll«ry  tubes  »  given   off  to  fomi  th«     "t^ ^r*,' r^^TIV"" "»% 
rfHj/traiifti/  capUkirj/neiw&rkj  which  clothes 
Die  walls  of  the  air-vesicles,  only  separated 

-IK^m  the  atmospheric  air  by  the  most  deli- 

frate  niembrane. 

Tliis  network  (a)  is  remarkable  for  the  great  regularity  and  small  si*e 
of  its  meshes.  It  may  be  reckoned  among  the  densest^  as  also  the  most 
ri%'ular  occurring  in  the  body.  The  peculiar  form  of  its  wide  capillaries 
is  also  striking.     The  diameter  of  the  latter  is  about  0*0050^0011 3  ram** 
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being  sufEcient  to  allow  of  the  easf  passage  of  the  blcH>d-«flUiL  \fhm 
the  pulmonary  vesicle  h  contracted,  or  bat  very  slightly  disten*kMl,  thejT 
appear  too  long  for  the  extent  of  surface  to  l:>e  covered  by  them,  and  pro- 
ject in  the  form  of  loops  and  tendriMik©  cod  volutions,  pushing  before  them 
a  portion  of  the  delicate  lining  inerabmne  of  the  alveolus  (tig.  433,  ff)* 

But  when  the  air-cells  are  Btronglj  dbtended,  these  c»piliaries  assume 
A  much  straighter  direction,  while  the  loops  und  projwjtions  into  tbe 
vesicles  disappear  in  a  confes ponding  degree. 

In  muscle,  also,  which  is  constantly  undergoing  change  in  lengUi.  we 
find  the  same  provision  of  nature.  When  confcrticted  the  longiiudinal 
tubes  of  its  capillary  network  aasurae  a  spiral  course ;  when  relaxe»&l»  on 
the  other  hand,  they  appear  straight. 

As  to  the  walla  of  tbe  eupillaries,  there  is  nothing  remarkable  abott| 
them.  They  are  UAtudly  nucleated,  and  may  easily  be  reaolved  into  th| 
well-known  vascular  cells  (fig,  356,  p.  363), 

Tlie  mesliei  hnnnded  hy  these  tul>es  are  very  close,  even  in  Itm; 

which  have  been  previously  iuftai 
(a^,  433,  434,  435).  Thpy  may 
njore  or  less  rtmnd  or  angular.  Tbf  y 
have  a  diameter  of  from  0'n393  to, 
0^0:393  mm.  That  in  the  nnintlat*' 
♦jrgan  the  meshes  will  he  found  mue 
Mualler  than  in  the  infltiteij,  owioi 
lo  their  shrinking  fcij^lher,  ia  quit? 
evident. 

The  capillaries,  fiirthef,  of  arj^jaceti' 
alveoli  intercommunicate  very  exteil^ 
sivcly. 

But  the  fine  twigs  of  the  pulmonary 

artery  also»  curious  to  say,  form  tl^ 

another  situation  a  wide-meshed  capÜ' 

lary    networki    namely,    uu^li/r    the 

pleura.    Here  thoy  con^  muni  cute  with 

the  terniina!  tubes  of  the  bronchial  arteries^ 

The  ptUfnonary  telns  take  their  origin  from  the  capillary  networks  jtti4 
descriWI,  with  scattered  twigs  in  the  interalveolar  septa.  The  con- 
fluence of  these  produces  lar*ger  trunksi  which  accompany  the  bronchi 
and  ramifications  of  the  pulmonary  artery  back  to  the  root  of  the  oi^n. 

The  bramhitd  arierieit^  giving  off  as  a  rule  a  single  branch  to  each  of 
the  air  passages,  suppty  numenms  twigs  in  the  root  of  the  lung  to  the 
Ui|^r  vascular  trunks,  the  lymphatic  glands  of  that  neigh bourhtiMiMl,  and 
the  connective4issue  between  the  lobuli  and  under  the  pleura.  In  th^ 
walls  of  the  bronchi  and  their  ramifications  they  are  resolved  tnt4:>  an 
external  loose  network  of  capillaries  for  the  muscular  tissue  of  the  part, 
and  an  internal  and  much  denser  for  the  mucous  membrane.  In  the 
latter,  however,  there  is,  besidee,  another  coarser  and  more  superficial 
capillary  network,  which  dtjes  not  appear  t^  communicate  in  any  way 
with  that  of  the  bronchial  arteries.  It  belongs  to  the  respiratory  system 
proper,  and  may  be  injected  easily  from  the  v^'na  piilmoymJk^  with  dilfi* 
culty  from  the  artcrta  pfdmonaiis^  and  not  at  all  from  the  bronchial  arte- 
ries. From  this  wc  may  infer  that  its  radicals  luring  from  the  respinlory 
capillary  network  (Herde), 

The  arrangement  of  the  hronckwl  veim^  furtlier,  is  pocnHir«     Thaii§  pro- 
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>»Äbly  only  receive  the  blood  retamiDg  from  the  thick  wd^ls  of  the  larger 
bronchi,  and  from  the  lymphatic  glands  and  pleura  around  the  root  of 
the  orgflÄ.  The  finer  and  inter dbJ  venous  radicals,  on  the  other  hand, 
Coming  from  the  amatler  divisions  of  the  air  passages,  and  which  corre- 
spond to  the  distribution  of  the  bronchial  arteries,  empty  themselves  into 
the  branches  of  the  pulmonary  vcina 

Lymphaticä^  m  has  long  been  known,  are  present  in  the  lungs  in  con- 
siderable number.  They  may  be  divided  into  two  cksses:  into  super- 
ficial (arranged  in  retiform  interkcements  immediately  under  the  serous 
covering  of  the  organ) ;  and  into  deep,  vliich  may  be  traced  outwards 
along  the  air  passages  into  the  bronahiiil  glands.  Both  of  these  sets  of 
vessels  communicate  freely,  however,  witli  one  another. 

Hot  long  since  Wywoiiwff  was  fortunate  enough  to  succeed  in  injecting 
the  radicals  of  the  lymphatics  in  the  walls  of  the  alveoli  in  the  Jungs  of 
the  dog  and  horse,  and  Svkorskfj  also  in  the  first  named  animal  and  in 
the  cat  In  these  walls  are  found  lacuuK,  which  are  enlargt^d  opposite 
the  meshes  of  the  capillaries.     They  i_         ^ 

cross  the  capillaries,  without^  how* 
ever,  forming  sheaths  of  any  kind 
around  them.  Soon  after,  however^ 
the  lymphatic  canals  as  they  pass 
away  commence  to  occupy  the  adven- 
titia  of  the  blood-vessels. 

We  now  come  to  the  considera- 
tion of  the  epithelium  of  the  air- 
cells — 6tÜl  a  subject  of  controversy^ 
«nd  which  has  been  rcceatly  the 
object  of  the  most  earnest  investiga- 
tion. 

Turning  then»  In  the  first  place^  to 
the  lung  of  the  frog,  we  find  the 
arrangement  of  parts  of  the  f»imple»t 
kind  {fig.  43G).     The  whole  respiratory  portion  of  the  or^n  la  lined 
with  a  single  continuous  layer  of  flattened  nucleated  epitheh'al  cells. 

But  tlie  lungs  of  the  mammalia  and  man  present  greater  difficuHiea. 

Here  we  must  first  study  the  structure  of  the  parts  at  an  early  period 
of  existence,  if  we  would  understand 
it  in  the  adult  body. 

In  the  mammal  foetus  we  likewise 
find  a  conti Duous  epithelium  lining 
both  pulmonary  vesicles  and  alveolar 
passages^  and  entirely  the  same  in 
both*  Its  elements  are  flat  polyhed- 
ral'OeUs,  with  nucleus  and  protoplasm. 

After  birth,  however,  several 
clianges  become  rapidly  apparent^ 
consequent  upon  the  commencement 
of  respiration.  Only  a  small  portion 
of  the  epithelium  preserves  its  former 
character.  Over  the  projections  o£ 
the  capillaries,  and  all  other  promin- 
ences, wo  can  find  much  larger  pale  cells  without  protoplaam  OF  tiudeofl 
in  many  easea. 

30 


t:3V  W 


■i^--'  i 


K      _ 


F1f.4IT. 


456 


MASÜAL  OF  UISTOLOCY- 


Fig.  i:JT,  after  an  old  drawing,  represents  tlio  original  cells  in  the 
meshes  of  the  eapilkrj  Eetwork  of  a  young  Animal. 

The  condition  of  parts,  on  the  other  hand»  in  the  mature  mamnud,  i$ 
ilivQii  in  tig.  438.  Here  large  non-nucleated  |jkte$  are  seen,  with  remnÄnt* 
of  the  original  small  cells,  and  a  trace  of  the  protopUsm  and  nncleus  with 
lliem,  at  their  points  of  contact  and  corners  (Schidze). 

The  nerve*  of  the  orfjuna  of  respiration  spring  from  the  anlarior 
and  poaterior  pulmonary  pleatua.  They  are  derived  partly  from  the  sym- 
pathetic and  partly  from  the  vagus,  and  tiikü  the  fiiinie  course,  to  a  great 
eJttöut,  as  the  ramiiicationa  of  the  bronchi  or  the  pulmonary  arterial 


Fig.  43& — EpIlhcUaia  rrooi  the  ba»«  of  ui  Inruntltbtilitni  «tttiAtftd  ImmMlklelj  % 
thü  iileuT«,    From  i,  fuUj^gTourn  cat;  treAted  wltb  JnUril«  of  illf«r. 
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The  pulmonary  veins  and  "bronchial  nrteries  are  not  accompanied  to  the 
same  extent  by  nervous  twigs.  On  the  external  surface  of  the  broncbt 
there  are  fo  bo  found,  in  connection  with  the  lntt<?r,  numerous  small  gmnglui 
(Eemak).  The  aame  are  seen  on  the  finer  ramifications  of  the  nerves  in 
the  tissue  of  the  lung  (SfMiff).  These  nervous  fi  hi  men  I«  appear  to  te^ 
minate  in  many  caaea  in  the  mucous  membrane  of  the  bronchi 

The  pleural  coveTtrtg  of  the  lung  and  thorajt  presents^  as  fox  as  epithe- 
lium and  connective-tiBsne  substances  are  concerned,  the  o  nil  nary  textur« 
of  alt  serous  membranes.  The  nerves  of  the  structure  are  derived  l^m 
the  phrenicj  vagus,  and  aympatbetic  {plexits  ptthnonalia).  Those  distrt- 
buted  to  the  pulmonary  pleura  are  stated  by  KmUiker  to  have  scattered 
ganglion  cells  among  them.  The  vascularity  of  the  membrane  is  low, 
the  capillaries  being  very  fine,  and  forming  wide  meshes.  The  pulmonary 
pleura  receives  its  vesselsj  as  has  been  already  mentioned,  from  the  pul- 
monary and  bronchial  arteries. 

The  lymphatics  of  this  membrane  are  to  some  exti^nt  well  known,  espe- 
cially from  the  recent  studies  of  Dt/f*koitshf.  Tn  the  dog  they  are  only 
evident  in  the  movable  portions  of  the  parietal  layer,  >le.,  in  the  ioler^ 
flOttil  spaces,  afid  upon  tlie  stemo  cöstalü  muscles,  but  not  upon  the  ribs. 
On  the  mediastinal  portion  they  are  only  teen  at  thote  spots  wbore  col* 
beiion«  of  fat-cells  exist 
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The  lymphatic  network  h  very  dense,  and  may  be  divided  iiito  two 
Iftyem  Bepamted  from  one  another  hy  fibrous  tiasue.  The  auperBciat 
canab  tnivene  thts  interaticee  of  a  reticulated  layer  of  coonective-tissuc, 
the  substratutn  of  the  eerosa.  Hero  their  avails,  composed  of  vaaciünj' 
cdk,  are  covered  iolely  l>v  the  epithelium  of  the  membrane  between 
whose  eelk  tljoße  orifices  alremly  described  in  gection  2ü8,  fig.  381,  2,  3, 
are  Gitiiüted, 

Absorption  from  the  cavity  of  the  pleura  is  effectt'd  through  thö 
Hgeney  of  the  reupimtoty  movenienta  in  the  intercostal  ppaces,  aiid  the 
varying  amount  of  tension  to  which  the  connective- tissue  in  which  these 
canak  are  situated  ia  subjected  thereby.  The  contents  of  the  networks 
formed  by  the  latter  are  received  by  ralved  vessek  nianiug  along  tin? 
riba  towards  the  vertebral  column  and  by  the  m&mmary  twiga. 

§  243. 

Turning  now  to  the  eompfmition  of  the  pulmonary  tissue,  we  find  that 
only  of  the  products  of  decomposition  occurring  in  the  fiuids  with  which 
it  i»  saturated  is  anythinpf  rcall?  known.  Cloctta  obtained  inosite» 
ttturin,  and  leucin  from  the 
lung  of  the  ox.  The  human 
Inuj^,  also,  were  found  to  con- 
tain leucin  in  considerable 
quantity.  In  the  foetus  the 
organ  yield»  glycog)en  (Ha*- 
nardf  Rouget), 

The  develop mef it  of  the 
lungs  (i^g.  439,  1)  takes  place 
very  early  in  the  same  way  as 
the  large  glands  connected 
with  the  intestinal  tube^ 
namely,  in  the  form  of  two 
hollow  processes  (c)  attiiched 
by  one  stalk  (a)  to  the  anterior 
wall  of  the  pharynx.  Thia 
body  19  hollow  from  the  very 
commencement  B^ith  the 
internal  and  middle  germinal 
plate  are  here  represented,  the 
former  in  tlie  cellular  layer 
(e),  the  latter  in  the  fibroas 
wall  of  the  part  (h).  From 
the  eelluhr  layer  the  epithe- 
lium  of  the  n^^pirntory  tmct 
is  derived,  while  in  the  ex* 
ternal  investing  mass  we 
have  the  rudiments  of  all  tho 
fibrrms  and  cartilaginous  por- 
tions of  the  air- paasages, 
bronchi,  and  lungs,  Ffom  these  blind  tubes  nf  the  glandular  plate  an 
ever-increasing  number  of  new  «accnlt  (d)  are  now  given  off  into  the 
Burroumling  substance  by  means  of  c  el  1- tnu  Hi  pi  it^ation,  so  that  the  arborea- 
©cnt  ajTttngenjent  of  tho  respiratory  canals  becomes  more  and  more  roarked, 
•1  the  ©nveioi>ing  layer  decreaaes  progressively  in  proportion 


^ 


^ 


Ftf.  (-la.^-DcTplripinx^nt  of  the  Iiui{;ik  i ,  i  iurs  tif  the  iar- 
jnmt  ion  of  f  ht  wli  ntv  r .  rif«  fi.  n^  conifnioii  c»ri  >I  (t  he  f atiira 
truohin)  tlividiitf  isitn  fri  thp  two  bronchi^  with  tbetr 
lirdH^nt    bu  i  ■'■'K    id}i    6,   th*  «bfToandlifg 

nbroui  Tili*«  ..Uotis  fartlier  idvanced,  ttvm 

ihif  ttme  vt  >'  >L«  thoüt  four  mnnTht  9l4*    4, 

the  Ttibf ;  t^  ]nr  uini.  .i  JLUUttorft  llfird  vith  C>UndfT 
ppitUcUuTFi.  frsmi  *  kich  tTit  infuufl'bulfc  »rü  formfik  typ*- 
ftMitly  »  Tie  wme  »tttjnjsly  oia^fiilflcd.  a,  eyllndfr 
ppithVlluiii;  €.  pnvlty:  tv  tlic  ltkv»tlii{i[  fibrouj!  lajcr,Uie 
ri;fn«Liiilcr  uf  fr,  fig.  1^ 


At  th« 
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©nda  of  the  bmncliea  (2,  a)  there  then  appear  round  vaaktikr  dlktatioiis 
(b)t  lined  with  cylindrical  cells  (3,  a),  which  by  a  i>rocess  of  gflmmaiion 
at«  leaolved  into  a  number  of  fiiier  locuUp  from  which  then  thw  iofundi- 
bula  or  primary  lobnles  are  derived,  and  in  aU  probabüitj  ako  their  air^ 
veaiclea  by  a  further  Bacculation  t>f  their  wails. 

The  puimonary  tissue  13  aabject  to  many  ckangm.  One  senile  meta- 
morphosia  conalsta  in  the  disappearance  of  parU  of  the  alveolar  walla,  and 
confidence  of  the  air  vesldes  to  form  larger  cavities,  with  consequent 
destruction  of  the  eapillanes  contained  in  the  iuteralveolar  septa. 

The  occurrence  of  new  growths  here  ia  an  obscure  subject,  especially 
M  regards  their  point  of  origin.  This  may  probably  bo  the  nuclei  of 
the  vascular  cells,  or  the  epitheliiitn  of  the  Jung. 

3*  The  Digestive  Apparatuj. 
{244. 

The  digestive  apparatus  consists  of  the  monih  with  ita  hdh,  already 
deacribed  §§  150  and  156,  the  t9J¥juß,  and  attached  aalwanj  ffiartds,  then 
of  the  j}fiar^nx,  tmophagus,  domach^  large  and  small  intestine,  the  lai^e 

glands  emptying  their  secretioni 
into  the  upper  portion  of  the  last 
of  these,  namely,  the ^iicrea^  and 
Iwer,  Almost  every  variety  of 
tissue  tak^  part  in  the  formation 
of  this  extensive  gfroup  of  orgitna,  in 
which  the  glandular  elements  ^pe-j 
cially  are  pre-eminently  Import^tgj 
and  are  found  from  the  upper 
the  lower  aperture  of  the  alimentär 
canal  forming  a  mucous  ooverii^ 
for  the  whole  internal  surfaca. 

The  citvitt/  of  the  mouth  is  lined 
by  a  niucouB  membrane  of  ibetesttura 
roughly  descnbt^d  already  (|  136), 
which  is  marked  on  ita  free  surfai 
by  a  multitude  of  closely  erowde 
conical  and  61ifomi  papilke  (0^ 
440).  The  thickness  of  this  mem- 
brane varii^a,  its  maximum  being, 
»ometimes  0  45  mm.  The  papillae  likewi^  differ  greatly  in  length,  ran^-f 
ing  from  0*23  mm,  to  0  45  mm.  The  etrongly  laminated  epithelial  iaya 
consists  of  flattened  cells  (fig,  444),  which  we  have  already  considered  i 
greater  length  at  p.  14L  At  the  opening  of  the  mouth  they  are  con- 
iinuous  with  the  cells  of  the  epidermia. 

This  mucous  membrane  itself  is  rich  in  elastic  fibres,  and  presents  \ 
network  of  eonnective^iasue  bundles.     It  is  denser  towards  the  aurfai 
upon  which  a  homogeneous  transparent  limiting  layer  may  be  seeiL     In 
the  papillffi  here,  as  in  those  of  the  external  skin,  and  still  more  in  the 
villi  of  the  intestine,  the  connective-tissue  loses  its  hbroua  character  more 
or  les^,  and  presents  itself  in  a  rather  undeveloped  form. 

Below,  the  mucous  membrane  gradually  merges  into  subinucoui 
The  latter  is  in  some  localities  a  solid  hbrous  mass,  as  in  the  cast  of 
gum,  and  in  others  soft  and  elastic,  with  loose  texture,  la  on  Üie  floor  oi 


fig,  44Up— A  jwpllli  fh>m  the  warn  «f  sn  liir«ci^ 
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the  moutlt.     In  this  sübßtancö  are  to  be  found  globular  groups  of  fal 
cella  and  the  bodies  of  tauooua  gknda. 

llie  last  named  organs  (fig,  442)  present  themaelvea  in  large  numbers 
in  the  mucous  membnine  of  the  mouth.  Tltey  measure  in  diameter  from 
4'Ö  Jiod  2-3  down  to  0-5G40  mm.,  or  even  lower^  and  are  usually  situated 
in  a  row  underneath  the  true  mucoisa,  where  they  may  be  so  cloaely 


r\f.  liU— EpttheUil  «a*  from 
ih?  mopt  »Eipciltcial  Ikj^n  of 
rhti  mncou*  taeinVnme  of  tb« 


früm  man  (»D-i^iiUed  piUüUU  glirndjU!, 


crowded  as  to  form  a  regular  special  glandular  stratum.  From  this  their 
ehort  and  more  or  less  straight  ducts  penetrnto  the  mucous  membrane, 
and  open  on  the  surface,  'i'beir  struct  uro  is  as  elsewhere :  fur  which 
see  sectione  198  and  197, 

In  certain  local i ties  these  little  glands^  which  play  an  important  part 
in  the  production  of  the  muciia  of  the  mouth,  are  particularly  numeroua, 
and  then  receive  speeial  names.  Snüh  are  the  labial^  haecul^  and  palatal. 
The  ürst  of  these,  which  ai%  very  numerous,  form^  at  some  little  distance 
from  the  red  margin  of  tlie  lip,  a  regular  group.  They  are  most 
numerous  in  the  under  lip  (Kleiny  Their  cells  usaally  present  them- 
selveä  in  the  fom»  of  numerous  low,  clear,  columnar  elements,  but  slightly 
coloured  by  carmine,  as  was  very  correctly  dejjicribed  hy  Pahf  A  kos. 
According  to  Heidenhafni  however,  there  occur  also  (in  man  and  the  rab- 
bit) oilier  ftmalter  el^mentg,  richer  in  protoplasm,  from  the  transformation 
of  which  the  first  take  their  rise.  The  little  palatal  glands,  likewtse,  are 
arrangc'd  in  a  tliick  pad  under  the  mucous  memhmne  of  thta  soft  pakta. 

The  tmi^uIaHty  of  the  mucous  membrane  of  the  mouth  is  very  great^ 
the  ea pi  Hartes  forming  a  close  network.  In  the  papiHse  we  encounter 
either  a  single  loop  or  congeries  of  vessels  (ßg.  440).  We  are  still  to  s 
great  extent  in  the  dark  as  to  the  lymphatics.  Bo  much  is  known,  how* 
ever,  that  they  interlace  along  the  lips,  the  inner  surface  of  the  cheeks 
and  the  tongue,  and  covering  the  glands  of  the  mouth,  form  interlace^ 
ments,  which  communicate  with  the  vessels  of  adjacent  parts  {TtichmannX 
The  final  distribution  of  the  nerves  of  the  mouth  is  a  point  on  which 
even  less  is  known.  Krause  observed  end-bulbs  upon  them  {§  184),  in 
the  furrowe  of  the  raucous  membrane  on  the  floor  of  the  mouth,  near  tho 
tongue,  in  the  soft  palate,  and  in  the  tissue  of  the  membrane,  at  the  edge 
of  the  red  margin  of  the  lips,  but  not  always  in  the  papilla  Efin  states, 
on  the  other  iiand,  that  both  in  the  hard  and  soft  palate  of  the  rabbit« 
ßne  nerve  Hlaments  penetrate  into  the  epithelium,  and  (|  245)  terminate 
lu  ramifying  cellular  bodies  (§  IST). 
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§245. 

Untü  yery  recentlj,  thts  miimity  glands  receiyed  but  littk  attention  fiom 

a  histologiciil  pomt  of  view,  but  a  step  in  the  right  direction  has  lately 
been  made  In  the  interesting  studies  oiPflüger^  Gianuz^i^  and  Heidenham^ 
loll  owed  by  a  number  of  other  observers. 

These  organs  may  from  their  form  be  regarded^  to  a  certain  extent.^  w 
bighly  developed  and  complex  tnncous  glanda 

The  sabmaxiUary  gland  presents  in  various  niammals,  according  to  lb 
cellular  contenta,  congidetable  and  important  physiological  di^erene 
Its  vesicles  in  the  rabbit  are  occupied  by  cloaely  crowded  naked  cells, ' 
consisting  of  soft  protoplasm.  The  organ  in  other  animala — as,  for 
instanoe,  the  dog  (fig.  443)^  the  cat,  and  in  a  in  in  or  degree,  the  Äbeep— 
departing  from  this  form,  have  all  the  characters  of  a  mneoua  glantL 
Here  the  greater  part  of  the  vesicle  is  filled  with  large,  clear,  non-gTanulur 
cells,  with  a  nucleus  which  is  nsually  situated  near  the  circumfereuce  (^i). 
Besides  these,  we  may  see  in  the  greater  number  of  vesicles^  close  to 
border  of  the  latter,  a  peculiar  element  usually  of  semicireular  form, 
either  single  or  doable^  the  '^ereseent**  of  G^ianum  (<?),  At  first  this  appeara 
to  be  a  granular  mass  of  protoplasm  with  imbedded  ntn-lei,  but  after  being 
snbj acted  ia  a  particular  kind  of  treatment^  it  may  be  recognised  to  be  a 
Collection  of  small  highly  compressed  cells.  Other  saccules  eontaln 
protopk&m  cells  alone  (b).  These  cre^cmU  reach  the  highest  stage  of 
development  in  the  submaxillary  of  the  cat. 

The  first  of  these  elements — we  shall  giv0  them  the  name  of  mucau^ 
€eiis — pre-«ent,   after  maceration,    the   most   remarkable   irregnlarily   of 

on  time*  They  may,  however, 
discharge  their  mucous  con- 
tente,  as  we  shall  see  later  on^ 
and  then  ]>resent  protopl 
only. 

Intermediate  forms  teaeh  üü 
that  these  mucous  cells  at^  not 
specifically  d liferent  from  those 
of  the  cre^enif  or  bordrr  f'rih^ 
but  only  so  on  account  of  their 
having  become  altered  and 
deigone  mucous  metamorphofiii 
In  newly  bom  aninittls  the 
are  not  yet  to  be  found,  Th 
submaxillary  glands  of  man,  liki 
wise  (^pecilic  gravity  of  liHlj 
acconiingto  KratiMRndFhch^r^ 
contain  the  same  mucous  cell^'l 
which  require,  however,  closer 
investigation. 

For  a  long  time  it  was  maL 
tained  that  the  mibm axillar 
gland  possessed,  moat  unquestionably,  a  structnrele^  mmnbrana  pmprk 
More  recent  investigations,  however,  have  shown  that  the  Inxindar^ 
kyet  is  only  formed  of  greatly  flattened  cells  of  stellate  figuro,  whict 
probably  belong  to  the  connective-tissue  group  {Hmdmhmn.  KocUikirX^ 
I  194. 


mt 


f\%,  443. — SitbiBmjdUA.rf  f{1«tid  rrom  the  dc^f.    d^  rid- 
iFlUi  iU  BpociAl  «atoQipar  ^pllhelttuiL 
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We  have  alrmdy  referreil  (p.  350,  lig.  339)  to  a  network  of  fiue 
lecretirig  tubules  or  catmltculi,  wLicli  hnve  hmn  met  with  in  the  acini  of 
tnftiiy  racemose  glaDda.  These  are  ?ilso  to  be  found  iu  the  submaxil- 
Itiry  gbnda  (Pßüger^  Ewald,  aud  others).  Even  tininjeoted,  thaj  can 
Ik»  rocognised  as  a  network  of  clear,  somewluit  lustroua,  atitsaka  i>t 
0*002-0*003  mm,  in  diameter. 

How  far  a  recently  observed  cnimectivö-tigsiiö  retieuhira  (Boll),  whicb 
traverse  the  acinna,  has  anything  to  say  to  these  secretian  tubules,  or  m 
oc»niiected  with  the  wall  ceJia  of  ihe  membmna  propria,  are  poinU  whieli 
require  closer  investigation. 

The  walls  of  the  excretory  duct  are  made  up  of  connective  lisaue,  A 
thin  layer  of  mueciilar  celk,  difficult  of  recognition,  has  l>een  atated  by 
Köt^Uiktr  to  occur  here ;  these  have  not,  however,  been  found  by  others 
{Ei/erth,  Hmle),  The  epithelial  lining  consists  of  a  single  layer  of 
cylinder  cella  (d),  iJi  whose  bo<lies  we  uniy  recognise  distinct  and  per- 
sistent  longitudinal  mtirkings  (Pßüijer)  ^mdorneath  the  nucleus* 

The  ^'uscular  networks  are,  as  in  most  racemose  glands^  round.  The 
öQpill«.ries  liu  loosely  about  the  glandular  vesicles,  while  thüir  tubes  of 
supply  arid  overllow  acooniijany  the  mmilicfitions  of  the  ducts. 

The  recent  invostigationB  of  Onimt::zi  have  made  us  acquainted  with 
the  lymphatics  of  tlie  salivary  glands  of  the  dog.  Here  they  appear  aa 
clefts  in  the  mtui-stitial  conneetive-tijisue  lietweeii  the  lobuü  and  veaiclea, 
as  well  m  arouud  tlio  lobüs  of  the   urgan.     They  are  atated,  also,  to 


PßH^^  In  T*  »ml  fl.  the  ni-rr?!  f^n^itntP  JulÄth«!  f  Jsnli  vi^ClH,  iivrt  end  lwl*efii  Tli»«-«!!» 
«f  Hift  imri^F.  In  fit  thfi  tnrnitnArii^n  nr  ft  nfw^  tlhn  In  Üi«  HQdvfti  ^f  »  gUna  «ell  I« 
ntnervfd.    IV.  the  hiiiip,  will»  »  ^'fcwngUon  ceW.*' 

ensheath  the  venous  and  arterial  twigs  before  becoming  developed  into 

re^alur  lymphatic  vcsaeli. 

The  mode  of  termination  of  the  nerves  of  the  tubmaxillary  gUnd  is 

foty  p*markablä  and  important,  though  not,  perhaps,  in  some  cmm 
irtained»  IxjYond  all  doubt.  After  some  earlier  studies  by  A'miuw, 
pfeA,  und  Schiüier,  the  point  was  taken  up  and  pursued  with  mnch 

rigour  by  that  excellent  observer,  ^Hifftr,  taking  the  mbbit  as  subjisct 
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(aoe  j  183).  The  following  ate  th^  coneluAioM  drawn  from  hia  mrestiga- 
tions.  In  the  ßrst  placö,  medulkted  nerire  fibrea  make  their  waj  as  far 
as  the  g!atid  vesicles,  the  a  pierce  the  membrana  propria  of  the  latter 
{%  444,  I.)»  and  so  get  hetween  the  cells  of  the  gland.  The  termmal 
tikraents,  however,  advance  ßtill  further  (11.),  penetrating  into  Üie  tmj 
bodj  of  the  cells,  and  end  in  the  nuclei  of  the  latter  (III.) 

The  nerve  fibres,  further,  are  connected  with  multipolar  cells  deckred 
by  Pflu^er  to  he  ganglion  corpuscles.  The-s©  are  situated  on  the  axteoial 
aftpeet  of  the  membrana  propria  (IV.),  sending  their  processes  irom  thenoi» 
into  the  protoplasm  of  the  gland  cells, 

PßüfjGT  describes,  tinall>%  another  set  of  fibres  which  become  fesolved 
into  pencik  of  the  most  delicate  primitive  librillfe.  which  become  fused 
eventually  with  the  bodies  of  the  epithelial  cells  lining  the  ducta  Hiew 
it  is  which  produce  that  longitudinal  fitriation  beneath  the  nudeaa  mlrady 
spoken  of. 

For  the  present  we  defer  giving  any  opinion  as  to  ibeae  statementsp  but 
must  jast  remark  that  we  have  never  been  able  to  Bad  anything  of  the  kinJ^ 
and  have  already  described  the  ganglion  corpuscles  alone  as  connective* ^ 
tissue  cells,  entering  into  the  structure  of  the  walls  of  the  gland  vesiclex. 

But  little  attention  has,  up  to  the  present«  been  given  to  the  te:!cture  of 
the  siiUingitM  glandju  From  Heidenkmn  we  learn  that  in  the  dog  they 
Appear  to  be  very  similar  in  structure  to  the  submaxillar j^  and  to  hafij 
likewise  two  kinds  of  cellular  contents^  mucous  elements  surroonded  hf 
border  cells.  The  groups  of  the  latter,  however,  are  usually  larger  Ihaa 
in  the  submax:Lllary  gland,  and  in  many  instances  extend  around  ths 
whole  circumference  of  the  gland  vesicles.  Somntimes  even  the  latter  are 
entirely  devoid  of  mucous  cells.  The  intemtitial  connective-tUsue  of  tliii 
gland^  farther,  is  remarkable  for  the  great  abundance  of  lymphoid  ciUiy 
which  it  containa 

The  ducts  of  Bartkolint  and  Rhm  are  completely  destitute  of  masculaf 
fibres. 

Comparatively  little  is  known  also  about  the  structure  of  the  jmrotU 
^lartd.  In  its  wall  we  find  the  same  Rattened  multipolar  elements  idreatlj 
mentioned  in  epeaking  of  the  submaKiUary  organ.  The  diameter  of  th« 
gland' vesicles  is  0*0338-0  0519  mm.,  and  the  granular  cells  contained  iji 
them  0*135-0*0180  mm.  Mncoiia  metamorphosia  of  the  latter  is  tie var 
met  with,  however^  either  in  man  or  the  lower  animals.  Their  excretory 
ducts  are  lined  with  ordinary  epitheham,  none  of  that  fibrillation  of  the 
lower  half  of  the  ceUa  being  seen  here  which  is  to  he  found  in  the  sub- 
maxillary gland«  In  the  interior  of  the  parotid^  and  seveml  otbf^r  rao#*i 
mose  glands,  possibly  also  in  the  submaxillary  of  many  niammals,  the 
commencement  of  the  excretory  canals  is  formed  of  a  ditferent  specjt^  of 
cells,  the  eo-called  *^  centm  acinal  *'  ceUs  first  discovered  by  LangeilianSi 
in  the  pancreas  (see  below).  These  are  Hat  elements  resembling  vascular' 
epitbelinm  usually  of  spindle  or  more  rarely  stellate  %ure.  They  b4>und 
an  axial  canal  of  the  acinus  more  or  less  perfectly.  According  to  f^ugtr 
the  termination  of  the  nerves  is  the  same,  as  in  the  submaxillary  gland  of 
the  rahbiL 

The  development  of  the  saliviiry  glands  is  on  the  same  plan  as  the  ne^J 
mo&e.     They  commence  to  be  formed  in  the  human  embryo  in  the  latter 
half  of  the  second  mouth.     They  are  then  seen  as  solid  aggregations  of 
cells  from  which  they  are  d^^veloped  by  gemmation.     At  the  third  month 
they  are  already  pretty  well  marked. 
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§246. 

The  aaUmt  aa  found  m  the  huniÄu  nioutb,  is  a  very  compleat  mixture 
of  the  Beeret  ion«  of  different  organs  connected  with  that  cuvity.  In  the 
ttlBt  place  of  the  matters  produced  hy  the  numerous  little  tnucous  glands 
already  described  §  244,  then  of  those  secreted  by  the  parotid  bo h maxillary 
and  stiblingual  gtanda  Under  certain  circumstances^  ako,  the  seeretionB 
iif  the  muiiouä  membranes  of  the  nose  and  tachrymal  gland  are  likewise 
mixed  with  it  We  shall  first  enter  upon  the  coniideratlon  of  the  variety 
of  composition  of  this  fluid  as  a  who)e,  and  then  turn  to  ^ hat  has  up  to 
the  present  been  ascertained  in  regard  to  the  individual  secretions  from  a 
physiological  and  chemical  point  of  view. 

The  saliva,  taken  as  a  whole,  iaa  colourless^  slightly  clouded,  and  some- 
what viscid  fluid  without  either  odour  or  tiiste.  Its  reaction  is  generally 
jilkailne  or  neutral,  more  rarely  actd.  Its  sp.  gr«  mnges  between  1  ^004 
and  1-009. 

Under  the  microacope  this  fluid  is  found  to  contain  cast-off  epithelium, 
and  at  times  gland  cells  which  have  been  washed  out  of  their  original 
position.  As  a  third  and  never  absent  clement,  we  meet  with  grent 
numbers  of  whatlmvo  been  named  mlimirp  mrpuscle»  (mucous  corpuscles). 
The  latter  present  the  same  appeamnces  a*  lymph  cells  ivhich  have 
becomo  swollen  in  water.  Within  their  bodies,  as  long  as  they  are 
uninjured,  a  lively  movement  of  small  molecules  may  he  perceived.  This 
motion  w^ts  always  regarded  as  of  the  ordinary  molecular  species^  until 
lately,  when  Bnieke  came  forward  to  oppose  the  tlieory. 

Turning  to  the  chemical  analysis  of  the  secretion,  we  find  that  it  con- 
tains between  five  and  ten  part$  per  3  000  of  solid  constituents.  Among 
the  organic  matters  the  most  important  is  a  ferment  combined  with  alka^ 
Hcs  or  lime«  called  by  Bci^ze/itis pti/alin  insoluble  in  alcohol,  slightly  so 
in  water,  It  bas  not  yet,  however,  been  obtained  in  a  pure  state. 
Besides  this,  leucin  is  probably  present  (7)  also  mucin,  extractive  matters, 
faU^  and  combinations  of  the  fatty  acids  with  the  alkalies  Urea  liaa  also 
been  found  as  an  abnormal  or  pathologic^  constituent  The  inorganic 
compounds  are  chlorides  of  the  alkalies,  »mall  quantities  of  phosphates  of 
the  alkalies  and  earths,  carbonates,  some  oxide  of  iron,  and  besides, — at 
least  in  man,— sulphocyanide  of  potassium  (comp.  §  38).  We  insert  here 
an  analysis  hy  FrerichSf  as  a  specimen  of  its  quantitative  composition. 
The  saliva  of  a  heaUhy  man  contains  : — 

Water, 00410 

Solid  constituents,     .         .         .         .         «  ^'00 

Epithelium  and  mucus,      .         .         *        .  2 '13 

Fat,  .-.•....  007 

Mucin  and  traces  of  alcoholic  extract,  ,         ,  141 

Sulphocyanide  of  potassium 0*10 

Chloride  of  sodium,  chloride  of  potassium,  phos-  ] 

phates  of  the  alkalie%  and  earths,  and  oxide  V  2  19 
of  iron,           ..-.,.       j 

The  saliva  contains  of  gases  small  quantitiea  of  nitrogen  and  oxygen 
(the  latter  in  far  greater  quantities  than  other  secretions) ^  and  abundance 
of  carbon  ic  acid. 

The  amount  of  saliva  secreted  is^  of  coui^  liable  to  variation.     Bidd^ 
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and  Schmidt  bare  ottimated  it  at  1500  gmmmea  in  man,  hut  also  «t  & 
lower  figure^ 

Ita  action  and  use  are,  in  the  first  place,  the  same  as  water ;  further,  as 
a  filtmy  fluid  it  lubric^ites  the  Yarious  matters  taken  inta  the  mouth« 
causing  them  to  pass  the  more  easily  into  the  cesophagus;  and  then  again 
ita  action  on  starch  (CjIIj^jOs)  is  chemical,  tranBforming  the  latter  into 
dextrine  (C.H^^jOJ  and  grape  sugar  (C.H^^OJ.  It  is  the  ptyalin  alone 
which  here  acts  as  a  ferment 

Let  MH  now  turn  to  each  of  the  secretions  in  succeseion  of  which  the 
aaliya  is  composed,  taking  first  the  miteiis  af  the  mifutlu  The  amonnt  of 
this  is  iii considerable,  if  we  are  to  judge  from  esiperiments  on  animak 
It  wa^  found  by  Bidder  ami  Schmidt  to  contain  water  to  the  amount  of 
99  per  cent.  In  the  mucus  of  the  mouth  we  lind,  likewise,  an  abundanee 
of  form  elements,  flattened  epithelium  cells,  and  salivary  corpuscles. 

Of  all  tbese  secretions^  that  with  which  we  are  best  acquainted  is  the 
Baliva  obtained  from  the  submamllunj  gland  of  the  dog.  As  was  shown 
many  years  ago  by  Ludwig^  the  secretion  of  tliis  fluid  h  preside*!  over  by 
the  ntjrvous  system.  From  a  whole  series  of  experimental  studies,  partly 
undertaken  by  Ludwig  and  bis  pupils,  p^i^tly  by  KodUker  and  MüUef, 
Ckßvmnk,  Bernard,  Eckfrnrd^  Adrian^  and  Heidenhmn^  we  have  heconii 
acquatuleil  with  the  following  points  of  iuteresL  The  submas^ilkTy 
gland  receives,  fii-st  of  all,  bram-dies  from  the  facial  nerve,  mixed  with  i 
small  conti  El  gent  of  tbe  trigeminus  :  this  is  the  conti]  mat  ion  of  the  tlwrda 
tympanu  In  the  aecond  place,  a  number  of  tilameiite  of  the  sympathetic 
enter  the  organ  with  tho  arteries.  Finally,  it  receives  nervous  offsets 
imm  the  submaxiJlary  ganglion,  which  run  with  the  chorda  through  tho 
organ,  and  are  excited  by  reflex  action  from  the  tongue  through  th« 
lingual  is. 

Irritttion  of  the  chorda  tyrapani  gives  rise  to  the  secrtjtion  of  a  latgt 
quantity  of  a  strongly  alkaline  and  non-viscid  fiuid,  whose  proportion  of 
water  id  about  99  per  cent.  Together  with  this  the  gland  become  lillerl 
with  a  larger  quantity  of  blood  than  usual ;  the  press vi re  in  the  veins  is 
increased,  and  the  whole  mass  of  the  blood,  leaving  the  organ,  presents» 
bright  red  colour  (Bernard),  while  the  temperature  of  tlie  latter  nam 
about  1*  C  {Lndwig  and  Sptess).  That  this  secretion  is  independent  of 
the  increastid  influx  of  blood  is  dear  from  the  fact,  that  after  int<*m]pÜan 
of  the  flow  through  the  carotid,  as  well  as  in  a  head  stsvyred  from  the 
body,  it  may  be  induced  by  stimulation  of  these  nervesi, 

Stimulation  of  the  sympathetic  salivary  nerves,  on  the  oÜier  hand,  has 
quite  a  different  effect  (Csermaki  Ikkhard).  Here  the  circulation  is  con* 
aiderably  retarde«!,  and  the  venous  blood  leaving  the  organ  is  of  a  dark 
red  colour*  A  small  quantity  only  of  a  very  v  ist  id,  cloudy,  and  strongly 
alkaline  secretion  issues  from  the  excrettiry  duct,  containing  solid  con- 
stituents in  the  proportion  of  from  1  *6  to  2'8  per  cent 

In  the  saliva  given  off*  after  stimulation  of  tbe  chorda,  mucin  has  been 
found  witli  various  albuminous  substances.  After  irritation  «if  tlie  sym- 
pathetic it  is  also  very  rich  in  mucin.  As  far  as  we  know,  neitlier  of  these 
secretions  of  the  submaxillary  gland  have  any  action  on  the  food,  with. 
the  exception  of  a  slight  power  of  producing  sugar  manifested  by  tho 
aympalhetic  saliva  of  the  dog. 

The  form  elements  appearing  in  these  two  kinds  of  saliva  of  the  sub- 
maxillary are  of  great  interest.  Many  years  ago  numerous  pellets  of 
colloid  matter  were  noticed  by  Stkkard  in  the  sympathetic  secretion  of 
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the    dog.      These    are   entirely   abaeBt,    it    u   stated,   in    the    chorda 
sahva. 

The  fluid  excreted  by  the  subniaxillury  gkad  contains  farther,  aa  waa 
observed  by  Hmdmhain,  hi  the  tli-st  pliice,  caat  off  mucous  cells ;  either 
those  of  the  gland  vesicles  intact,  or  cJianged  hy  maceration  und  swollen 
up,  the  result  of  which  ia  the  production  of  a  tnultitude  of  peculiar  round 
And  very  pde  masses,  like  drops  of  some  viscid  aubstance.  Eesidea 
these»  saUva  corptrnks  are  present  in  the  secretion,  <«.,  small  lymphoid 
cells  in  vorioua  stages  of  development,  and  which  have  wandered  out  with 
the  fluid 

When  one  of  the  two  secretory  nerves  of  the  suhmaxilkry  gland  is 
irritated  uninterruptedly  for  a  considerable  period,  the  number  of  these 
aalivary  corpuscles  be- 
eomefl  naturniiy  in- 
creased, Anothereffect 
of  this  proceeding  is 
furtlier  seen,  aa  was 
pointed  out  by  Ileid- 
enhm^^  in  an  extraor- 
dinary transformation 
of  the  interior  of  the 
gland  (fig.  445).  In 
the  greater  number  of 
the  vesicles  the  mucous 
cells  are  fouud  to  have 
entirely  disappeared, 
irregularly  gramdar 
nucleated  elcmcnta^ 
smaller  than  the  original  cells,  occupying  their  place.  The  explanation  is 
aimjdy  this,  that  these  celle  have  parted  with  their  ujucus,  and  hÄVo 
again  become  fjlled  with  pTOtoplasra  {Etrafdj  Bh finer). 

In  Tftftn  the  saliva  of  the  submaxillary  gland  contains  a  large  quantity 
of  mucin  diss< lived  in  an  alkaline  fluid,  together  with  a  sugar- forming 
ferment  und  sutphocyanogen  (§  38),  which  latter  is  also  found  in  the  anh- 
liiigual  atid  parotid  secretions,  lu  the  saliv^a  of  the  lower  animals,  on 
the  other  hand^  this  compound  is  not  to  be  fotmd, 

The  secretion  of  the  BubUmjual  glaiKl  has,  up  to  the  present,  excited 
hut  little  attention.  According  to  HcUi^ihain^  the  organ  is  presided 
over  by  the  same  nerves  as  the  submaxillary  gland  in  the  dog,  namely, 
the  facial  and  eym  pathetic,  Stimulation  of  the  chorda  tymjmni  causes 
here  al^o  an  increnaed  th»w  of  the  secretion» 

The  saliva  of  the  sublingual  gland  is  an  extremely  tenacious  and 
completely  transparent  substance,  which  can  hardly  be  called  a  fluid.  Its 
reaction  is  alkaline,  and  its  percentage  of  solid  constituents  about  2 '75, 

The  product  of  the  jwro/^i  finally  may  be  increased  by  initülion  of  one 
of  the  cranial  nerves»  namely,  the  lesser  superficial  petrosal,  a  branch  of 
the  facial  {Liidwifjt  IJa-nm^d),  Btimnlafinn  of  the  sympatlietic  also  has 
the  same  ejl'ect  {Edchard^  von  Wittirh,  NüttsrocM).  The  fluid  thus 
obtained  has  a  much  less  alkaline  reaction  than  that  of  tlie  submaxillary 
gland.  It  is  always  thin,  and  never  in  the  least  viscid.  The  secretion 
of  the  parotid,  further,  has  no  reaction  on  miiuin,  and  contains  from  fi^e 
to  six  per  cent,  of  solid  constituents  (OrdcnMfin)  \  also  albumen,  and, 
as  already  mentioned  in  the  human  subject,  sulphocyanogen  combined  with 


Fiji,  445. — ^SnbuiiiiMiArjr  tfland  of  the  iJo^  with  ifiomt^nrA,  a.modl- 
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pol,Q«h  or  Boda.  According  to  Oräengtetn^  the  sugar-forming  fermenU 
appear  in  the  cor  responding  fluid  obtained  from  the  dog  (Bidder  and 
ä(^midt^  Bernard). 

5247. 

The  (ongiiG  h  an  organ  essentially  muscular,  but  covered  by  a  mucoui 
membrane  wbich,  over  the  greater  portion  of  the  anterior  part  of  the 
dorsum,  ie  studded  with  a  multitude  of  highly  developed  papUlse  aopplied 
with  nerves,  the  gustatory  papiUeB^  which  constitute  the  whok  an  oigaQ 
of  sense. 

Leaving  the  greater  portion  of  the  description  of  its  striped  fibr^ 
which  have  a  partly  perpendicular^  partly  longttudinal,  and  partly  oblique 
direction,  to  general  anatomy ,  we  shall  merely  touch  here  on  one  or  two 
poinU  of  special  interesL 

That  portion  of  the  tongne  known  as  its  ühra-cartiiage^  which  occnpie 
the  middle  line  of  the  organ  in  the  form  of  a  thin  vertical  septum,  1 
be  numbered  among  the  cartilaginous  structures^  seeing  it  merely  comiftti 
of  densely  interwoven  bundles  of  connective- tissue.     At  either  side  of  f 
band  the  two  ^enioglos&i  pass  up  into  the  substance  of  the  tongue,  int€f^ 
mixed,  as  their  fibres  diverge,  with  the  fibres  of  the  tranemrstis  lift{pttr, 
which  cross  the  formet  more  or  less  at  right  angles.     The  greater  prt  of 
the  substance  of  the  organ  is  formed  by  these  two  muscles.    The  htft/gim^ut^ 
with  its  two  portions,  the  first  of  the  muscles  entering  into  the  formatiaii| 
of  the  border  of  the  tongue^  passes  to  the  lateral  portion  of  the  organ 
manner  similar  to  the  genioglosgus,  and  likewise  crossed  by  the  eslenull 
fibres  of  the  transvereus  on  ea^h  side.     The  sif/hglmsiis  sends  its  weakapl 
internal  division  between  the  genioglossus  and  hyoglosaus  and  as  far  1 
the  fib ro-C4ir£i läge.      Its   longer  external  band    passes   for^vards  on    thi 
ei^ternal  surface  of  the  hyoglossna^  intermixing  behind  the  frienum  and 
anterior  to  the  foremost  extremity  of  the  sublingual  gland,  with  the  tibrei. 
of  its  fellow  of  the  opposite  side.     Besides  these  there  are  longitudina" 
bundles  of  muscular  fibres  courting  from  the  root  to  the  tip  of  the  tcingue 
partly  on  the  dorsum  and  in  part  near  its  inferior  surface.     The  Utter  \ 
the  most  numerous,  and  go  by  the  name  of  the  lingualiä  mnscleu     The 
are  strengthened  anteriorly  by  tilit^s  from  the  external  division  of 
st)4oglo3su9.     Their  course  m  between  the  genio-  and  hyoglossns  mnaela 
towards  the  tip  of  the  tongue,  where  their  fibres  diverge,  some  pa8«in| 
upwards  and  others  still  forwards.      The  superficial  layer  of  bundles 
{Ungualia  suparior)  is  spread  out  over  the  whole  dorsum  of  the  fiigan 
under  the  m neons  membrane.     Those  muscle  bundles  which  are  lost  in 
the  mucous  membrane,  such  as  the  ascending  fibres  of  the  genioglossua 
in  the  middle  line,  and  of  the  hyoglossus  in  the  lateral  portions  of  the 
organ,  may  be  seen  to  bifnrcata  at  acute  angles,  and  terminate  in  thd 
connective-tissue  in  conical  points. 

The  most  important  part,  however,  of  the  tongue  is  the  mucoua  mem- 
brane itself.  This  is  covered  over  with  the  flattened  epithelium  of  the 
mouth  (§  90),  and  is,  with  the  exception  of  having  papillie,  in  no  essential 
feature  different  from  other  mucous  memhranes.  Its  eonnec Live-tissue 
snbetmtum  is  tolerably  strongs  and  interspersed  with  nnmeroua  elastio 
fibres.     It  is  also  extremely  vascular. 

In  the  gustatory  portions  there  is  no  submucous  tissue,  its  place  being 
taken  by  a  closely  woven  layer  of  fibrous  tissue,  the  undermost  portion  of 
the  substance  of  the  mucous  membrane. 
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While  the  mucotis  membrane  on  tbe  under  surface  of  the  tongue  h 
quite  smooth  and  deatitute  of  papillae,  the  domura  of  the  organ  is  coYered 
^m  thB  foramen  cteeum  to  the  tip  with  iünumerable  gustaiorp  papülm. 
Of  these,  as  ia  wrdl  known,  there  are  three  species,  alt!iough  between  each 
kind  there  exist  a  number  of  intermediate  form^.  These  thiee  speciea 
are  named  respectivuly  ihn  flUformf  fifn^i/orm,  and  circufmallaie. 

The  papiUm  fiUfimnes,  ä  cmiiem  (tig.  446),  are  found  in  hj  far  the 
greatest  number  of  alU  They  «oneiat  of  a  conical  base  bearing  on  its 
apex  a  number  of  thin  pointed  papiUe»  the  whole  presenting  a  tufted 
app€aran<ie.  The  number  of  the  latter  varies  from  ö  to  15  and  upwards. 
The  point  most  worthy  of  note  here  ia  the  high  degree  of  development  to 
which  the  epithelial  layer  may  attain.  Very  homy  in  texture,  it  presents 
iUelf  in  long  filiform  and  frequently  bilid  shreds  on  the  end  of  the 
papilliep  cansing  the  latter  to  appear  considerably  increased  in  length. 
Together  with  these,  examples  of  the  same  kind  of  papillae  are  met  with 
whose  epithelial  covering  is  very  delicate. 

The  vascular  supply  consists 
of  single  cupi II aiy '  loops  for 
each  of  the  conical  papillae, 
with  one  arterial  and  one 
venous  twig  for  each  group. 
The  mode  of  termination  of 
the  nerves  is  not  yet  ascer- 
tained. The  papillae  are  most  ^^M^^^^/l 
strongly  developed  along  the 
middle  of  the  dorsum  of  the 
tongue,  decreasing  in  size  near 
the  edea  and  tip.  In  these 
situations  they  are  in  many  tn- 
stances  arranged  in  rows<  en- 
veloped in  a  common  sheath 
of  epithelium. 

The  seeond  form^  the  pu- 
piU^x  /iingi/ormes,  *,  duvatm 
(fig.  447),  are  found  scattered 
over  the  whole  surface  of 
the  tongue  among  the  latter 
variety,  but  most  nnmeroiu 
towards  the  tip.  They  are 
remarkable  for  their  thick  coni- 
cal form  and  smooth  surface, 
and  absence  of  tufts,  together 
with  diminution  in  the  thick- 
ness of  their  epithelial  coat. 
They  are  elevated  above  the 
surface  of  the  tongue  with  a 
somewhat  conslncted  neckband 
terminate  above  in  round  and 
blunted  btdbs.  The  whole  surface  of  the  latter  {A)  is  studded  with 
nnraerou»  conical  accessory  papiLlie  (p),  which  are  covered  again  by 
the  epithelial  coating  of  tiie  tongue  {A^  e,  i?,  e).     In  thia  species  the 
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f,^  14,5  _Tiro  flUfirrm  pipllli»  frmn  muii  thi  out  q», 
pfl>  with,  rlw  otlifflr  {p,  rlftlitj  without  epUheJlani,  «, 
efiUhellBl  ärvefingi  eiultiig  «Ih^v«!  In  Irnin  tufted  pro- 
tvwMH.  f:  Tptfhttl&r  p(»t1oo  of  the  t^AiUUK,  with  It* 
Mrteri»!  twiR  «,  Mil  Ttlft  ♦.     Copied  f mm   Ti^d  m^ 
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Tftseular  loops  are  far  mora  numerous  Uian  in  the  Erst  form.     The  nervea 
enter  the  papillae  as  tolerably  strong  twigs:   the  mode  of  their  ultimata 

terraißatioTJi  however^  k  still  untlecidecl 
According  to  JTrnttso,  terminal  bulba  maj 
be  found  Uere  (§  184). 

Til  the  third  form,  fmaUy,  the  p^piUm 
vallaim,  s,  circumvallatm  (fig.  4-t^),  we 
have  the  largest  uf  all  these  organs,  and 
probably  abo  the  most  importani,  aa  fat 
as  the  sense  of  taste  is  concerned.  In 
man  and  the  mammaUa  generally  tliejj 
present  many  Tarieties.  Their  numl 
\b  small  but  variable,  amounting  to  from^ 
10  to  15.  They  are  arranged  at  the  root 
of  the  tongue  in  a  V-shaped  figure.  Eachj 
of  the  projections  {A)  is  gnrrotinded  by  i 
circular  ridge  of  epithelium  (B),  int 
which  racemose  glands  empty  themselv 
{Sehwalhc)^  and  EUppr>rLs  on  ita  bf 
surface  a  multitude  of  conical  acoessoTj^ 
papillie  {c)  overlaid  with  a  smooth  at ratum 
of  epithelium  {it).  That  eniin^^iicü  wliich 
forms  the  apex  of  the  V-springs  frgia  tlic 
bottom  of  a  deep  groove  kno^vn  as  the 
foramm  ccecum  Unguis. 

These  little  organs  ate  abundiiutl^j 
supplied  with  nerves  (b  by  The  lalt 
form  deli  cute  in  teil  ace  men  Is,  from  whicll'^ 
the  primitive  tiibea  are  given  oif  whoBo 
ultimate  distribution  will  lie  referred  to 
presently*  The  annular  friJds  also  enci^ 
ding  the  papillae  are  likewise  richly  supplied  with  nerves  (B,  b). 

The  sources  of  the  nervous  supply  of  these  parts  are  the  trigeniini  and 
^lossopliaryngei,  the  ninth  or  hypogloEtsas  beiug  Bimply  a  motor  nerve  of 
the  tongue.  The  anterior  part  of  the  dorsum  of  the  organ  is  inncrvatcil 
by  the  rtimm  Unrpmlls  from  the  lower  division  of  the  fifth  nerve»  and  hy 

the  chorda  tympnni,  while 
the  posterior  juntion  issiip- 
plied  by  the  lingual  branch 
of  the  gioHsophiiryfjjiouN 
which  sends  iU  mmifica- 
tions  into  the  ei re tim val- 
late papilla}.  On  both  of 
these  nerves  small  giinglia 
are  to  be  seen,  ll  si^ms 
hardly  prohikble  that  the 
filiform  papiUie»  clotb«^  as 
they  are  witli  a  lufge 
amount  of  homy  epithelium,  shonld  he  tiie  recipients  of  the  sense  of  taste 
{Tofid  and  Bowman).  The  two  other  forma  seem  to  preside  over  the 
Ifttt-er  as  wtjU  -^  the  sense  of  touch. 

The  Ifjmphfdiüs  of  the  tongue  have  been  carefully  studied  by  Tmd^ 
mann  and  Btippey.     According  to  the  former,  the  mucous  membmoc,  «nd 


n^,  447.— Fun«  I  form  ptiriU*.  fT^nt  t^e 
lium-in  tJiirn^iifc  A,  a.  fMplliu  ci>vei*d 
to  tJie  l(*ft  with  epitheUuKi^  f»  and 
flver  It»  whfJl«  «urracfl  with  CduUnJ 
itnJilkr  pap.lLte.  p,  B,  another,  Iff» 
ntronjrl^  tnAjiniflpd,  wSMi  It*  üpi- 
%\\t\\^\  envulotic  e,  lu  captliiirf  loopt 
c^  ■rtery  ü,  ftiid  Yeln  t;  *;  vajcmlar 
loft|>»  In  thö  iwljiceTit  Bllm|>le  puptU» 
of  th«  mucou«  memliraue^    Cojjfvd 


lilt. 44a— A  dmiinv«llfl,re  pap'IU  Itom  th*  hunuin  trtnirtu? 
A*  wMh  wxcMiiTy  rvApiHiE  c  It«  «pitheLldin  «,  and  nerrag». 
twLKA  t,  01  thd  rldfite  mnnkne  rnmid  the  pApkUn,  with  \i% 
nsiYeft  k    Cojiled  from  Todd  and  jMnvian, 
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still  mons  bo  the  aubmucouit  tissue,  ii  yeiy  nbunJantly  supplied  with 
abaorbeni  canals,  irbile  the  muscular  subsiance  is  only  tin  versed  by 
regular  vesaels.  In  the  root^  also  of  the  filiform  papilla  is  to  be  found  a 
capiUary  network,  from  -which  caecal  prolongations  ana  sent  off  into  the 
papillae  them  sei  ve,?. 

The  development  of  the  tongue  in  the  embryo  commences  m  parly  aa 
the  sixth  wcük  of  intrauterine  life,  in  the  form  of  a  thick  ridge^  whieU 
seems  subsequeutly  to  become  stationary  as  regards  its  growth.  The 
papillas  are  said  to  be  rudimentarily  formed  in  the  tliird  month, 

Remauks,— 1,  Cooipare  Tudd  and  jSötpwaw,  roL  i.  p.  43?'2,  Much  variety  h  to 
be  eeen  in  th*  form  of  the  fiUfonn  papUlte,  It  is  not  uacomniOD  also  to  meet  with  ii 
thrend-likü  fangua,  the  lept^thrys  buccalü^  m  great  quantity  among  and  upon  them 
papiLl«. 

§  249. 

Behind  the  foramen  c^cum  the  mucous  membrane  presents  to  the 
unaidud  eve  a  more  or  less  smooth  appearance-  Hnre  tiie  laminated 
epithelial  stratum  merely  covera  a  seticö  of  small  simple  pa  pi  IIa*,  each 
supplied  by  a  single  vaactilar  loop. 

In  this  l>cality  it  number  of  diiTerent  varieties  of  secreting  organs  mako 
their  ap  pea  ranee.  In  the  first  place,  even  onlerior  to  the  foiamcu  caecum, 
amall  Beat  te  red  miicoua  glands  present  them  selves,  which  form  more 
posleriorty  under  the  circtim vallate  papillie,  and  towards  the  fOQ%  of  the 
tongue  a  thh'k  continuous  glandular  layer* 

On  the  under  surface  of  the  tongue  also,  near  it-s  tip,  are  to  be  found 
two  other  racemose  glandular  masses  of  considerable  magnitude.  These 
empty  themstdves  by  several  ducts  at  either  side  of  the  fr  sen  urn  {JBlandint 
Nulin),     Their  functions  are,  however,  still  unknown. 

From  the  posterior  fourth  of  the  tongue  on,  iinall}%  the  ti^^sue  of  the 
mucous  membrane,  commences  to  undergo  at  points  a  If/mphnid  mctamor- 
phosis.  This  may  be  absent  in  many  mammals,  but  attains  in  others, 
on  the  other  hand,  as  far  instance  in  the  pig^  a  high  degree  of  develop^ 
ment  In  the  latter  animal  this  process  may  advance  to  tlie  formation  of 
follicles  ill  the  larger  papillae  imbedded  in  a  denady  reticulated  connec- 
tive substance  {Sclimiäi). 

Thh  metaraar[ihosis  of  the  mucous  tissue  (by  which  the  pharynx  also 
may  be  ulfLcttHS)  leads,  as  it  advances,  to  the  formation  of  larger  and  more 
sliarply  dt*fineil  lymphoid  organs,  varying  greatly  as  regards  distribution 
and  itructure.  They  are  largely  met  with  among  the  mammal^  and  are 
not  absent  in  man, 

A  moll  ^'  tliese  may  be  numbered  the  Utigttal  fdlideit  or  foilictilar  glanät 
of  the  ujouth,  the  toninlii^  and,  at  the  top  of  the  pharynx,  th^  pharyngeal 
töumh^  Btrui^tureÄ  discovi^red.  some  years  i^o  by  Koclfiken 

T)»e  Imgtml  /{dlidm  {fig,  449)  occur  in  man  sometimes  scattered,  eom^- 
times  crowdi'd,  upon  the  posterior  portion  of  the  dorswm  of  the  tongue^ 
from  the  circum  vol  late  papillae  down  to  the  root  of  the  epiglottis,  and 
from  one  tonsil  across  to  the  other.  They  consist  of  a  depression  of 
a  greater  or  less  depth  (3  5  mm.  and  upwards),  implicating  the  whole  of 
tho  mucous  membrane,  so  that,  beside  flattened  epithelium,  accessory 
]japiUa3  may  also  exist  within  the  reduplicated  portion. 

Each  crypt  or  depi'ession  is  enveloped  in  a  thick  stmtum  of  rt4icular 
connective  substance,  entangled  in  which  irmumerable  lymphoid  cells  a?e 
to  he  found.  This  stratum  extends  to  immediately  beneath  the  e-pithelial 
tunic     In  it,  and  distinguished  by  their  looser  and  wide  meshed  frame- 
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work,  anil  consequently  lighter  shade,  a  number  of  small  lymphoid 
follicles  may  be  observed,  measuring  in  diameter  from  0  28  to  0  56  mm. 
Tkeae  are  eometimee  sharply  defined,  sometimos  less  diätmctly  so.  Other 
of  these  crypts,  however,  are  quite  destitute  of  these  follicliia.  Most 
usually  we  find  these  lingual  crypts  encased  in  a  strong  fibrous  capsu^le. 
This,  however,  is  also  often  absent  in  less  distinctly  deßoed  examplas. 
Among  and  beneath  these  lingnal  follicles  are 
generally  scattered  a  great  number  of  racemose 
glands,  whose  ducts  open  partly  in  the  immediate 
neighbourhood  of  the  crypt  {but  on  the  surface  of 
the  mucous  nieuibmne),  and  partly  within  its 
cavity.  In  many  mammals  these  lingual  follicles 
are  entirely  absent,  as  in  the  tongue  of  the 
rabbit,  slieep,  and  dog.  In  others  they  ar«  formad 
upoTi  the  same  plati  as  in  man,  for  InalAiii^ 
in  the  horse,  pig,  and  ox. 

The  h!ood-V€^eis  and  lymphatics  are  of  the  same 
description  as  those  in  the  tonsil,  to  which  wtj 
refer  the  reader  for  minutiae. 

The  tonsils  or  amf/gdaim,  the  large-st  lymphoid 
oisgäns  of  the  mouth,  are  to  bs  found  in  man  and  moat  of  the  mammaht, 
presöntingi  however,  considerable  variety  of  structure  in  the  latter.  In 
somd  of  these,  moreoverf  as  in  the  Guinea-pig,  thu  rat,  and  the  mouse, 
they  are  entirely  absent.  The  form  of  the  organ,  aa  it  appears  in  the 
rabbit  and  hare,  is  from  its  simplicity  very  instructive.  Here  we  fintl 
a  simple  depression  surrounded  by  a  thick  stratum  of  lymphoid  stmcturea  . 
coataining  small  lymph-follicles,  Tlie  boundary  of  the  organ,  axiernaltf,f 
13  a  fibrous  capsule.  Numerous  miunta  racemose  mucous  glands  Iyifi| 
adjacent,  send  off  their  ducts ^  partly  external  to  the  depression,  and  parll| 
through  the  lymphoid  mass^  to  empty  themselves  into  the  latter*  In  thu 
case«  therefore,  these  organ»  shotv  all  the  cimracters  of  a  lingual  follicle. 

As  a  rule,  however,  the  tonsus  present  a  far  more  complicated  struct 
They  are  generally  made  up  of  groups  of  such  bodies  as  those  we  hav 
just  described  as  representing  the  tonsils  in  the  hare.  These  are  collect 
together  in  greater  or  less  number,  their  follicular  ducts  opening  eith€( 
singly  on  the  surface  or  converging  like  the  corresponding  |K>rtiöiis  of  i 
racemose  gland  to  form  passages  of  greater  mognitude.  These  latter  rot 
then  discharge  their  contents,  either  independently  of  one  another,  or, 
pursuing  the  same  system  of  confluence,  may  eventually,  as  in  the  tonsil 
of  the  ox,  give  origin  to  one  large  excretory  duct  Between,  these  two 
extremes  many  intermediate  forms  are  met  with. 

Each  pit  is  enveloped  in  a  thick  lymphoid  layer  external  to  the 
fattened  epithelial  lining  and  mucous  membrane  papillae  oflen  present 
This  layer,  enveloped  in  dense  fibrous  tissue,  extends  as  far  as  the 
epithelium  or  its  immediate  vicinity,  Aa  a  rule,  but  not  invariably,  it 
contains  within  a  loose  tissue  a  number  of  follicle«. 

The  latter  present,  both  as  to  number  and  distinctneas  of  demarcation 
against  the  denser  Interstitial  tissue  around,  considerable  variety.  Their 
diameter«  in  most  mammals,  is  on  an  average  about  0'28  or  0%'^1  mm. 
In  the  dog  they  may  even  attain  greater  magnitude,  reaching  0'D-1*4  mm. 
The  large  tonsils  of  the  pig,  further,  are  unusually  rich  in  follicles. 

Ilere  also  are  to  be  met  with,  as  might  be  expected,  numerous  racemose 
mucous  glandsj   playing  an  important  part  in  the  oonstruction  of  the 


0B6ANS  or  TUB  BODY. 


471 


ton^Is,  and  as  varied  in  the  airangement  of  ih&it  excretory  ducts  aa  those 
ijf  the  lingual  follicles.  'Xh(^y  dischargö  their  content^i  naniüly^  eithei 
into  tha  cmcfd  depression  of  the  organ  or  free  on  the  surface  t»f  tlje  tonsil. 

The  frequent  inilamniatory  affections  to  which  the  amy^ilwla»  nn*  mhjmii 
in  adult  human  beinga,  Tender  them  rather  dubiong  i^hji^cl»  of  nm^itrcli. 
for  which  reason  specimens  obtained  from  joung  children  eliould  U* 
preferred.  The  ordinary  arrangement  of  the  openings  in  the  adnlt  waji 
found  by  Schnmlt  to  he  either  a  separate  duct  for  each  pit  (ßg.  450,  hj  or  a 
collection  of  the  ktter  to  form  one  largo  canal  {a).  The  enrfare  of  tbi- 
organ  presented  the  naual  raucous  membrane  papillfe,  hnt  thi?  ilepre^sion 
only  abciwe*!  traces  of  them.  He  frequently  encountered,  nhu  in  thit 
immediate  neighbour- 
hood  of  the  tonsils»  a  few 
scÄttcredcrypts  with  ly  m- 
pboid  walk^  in^  which 
follicle»  were  imbedded, 
RisambÜng  greatly  the 
blind  folliclL^s  of  the 
tongue  (t/). 

This  extension,  just 
mentioned,  of  lymphoid 
tissue  from  the  fundus  of 
the  crypt  up  to  the  under 
niirface  of  the  epithelial 
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piMtAgt-^  h,ittAm^6  on«;  «,  lirniphold  p«rle?»l  «tniufn  wüh 
»uptrrfluial,  /  a  deeper  maeDiu  ^laniL 

coVeriiig,  may  be  readily  seen  in  the  tonsils  and  lingual  follicles  of  tlif 
c^f,  In  some  spots  even  this  covering  appears  not  to  be  completely 
continuous  throughout«  Taking  thia  arrangement  of  parts  into  con» 
aideration,  it  does  not  set^m  un warrantable  to  »njipose  that  from  out  tbif 
meshes  of  this  superficial  reticular  tissue,  lym[ih  ctdla  may  he  mi 
free,  constituting,  when  flurrouutled  hj 
the  watery  secretion  of  the  mouth, 
those  saliva  corpuscles  fo  enigmatical  as 
to  Uieir  origin.  This  viüw  may  be  the 
more  safely  accepted  now  that  ive  are 
acquainted  with  the  ania^lxiid  jmwers  of 
motion  of  the  lymph  cella  (§  49)» 

If  the  mucüs  welling  from  the  orifices 
on  the  tonsils  of  a  newly  killed  calf  b<! 
examined,  the  abundance  of  saliva  cor- 
piiseles  to  be  met  with  there  {Fri*y)  will 
strike  every  eye. 

The  blooff-vassi'h  (remarkable  for  the 
numher  of  highly  deve]oi>ed  veins  among 
them)  fonn,  with  their  ra mi fica Lions,  a 
dense  network  of  cuarst!  und  Jine  tubes^ 
which  becomes  more  dt'liesite  as  it  ap- 
proaches the  surface,  where  it  sends  off  loops  into  any  papillae  which  may 
be  prtaent.  Ah  soon  as  follicles  commence  to  make  their  appearance  in 
this  lymphoid  layer,  the  vascular  network  is  restricted  to  the  smaller 
Kpace  of  the  intiirfoUicnlar  eoanective-tissTie,  so  that  it  becomes  mon* 
dense  «lilS.  In  the  folliclo  itself,  however,  a  veiy  delicate  network  of 
radially  arranged  capillaries  is  now  to  W  auen,  Tt-ry  similar  to  that  already 
encountered  in  the  follicles  of  Pcuef's  natche?. 
31 
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Bissiag  on  to  the  Iffmpfiatie  canals  of  the  tomsUa  {fig*  451)  {Fre^,  Tk 
Eehmidt)  we  find  in  the  neighbourhood  of  the  cdpaule  And  ia  tho  ktte? 
it&elfj  conBiderahle  veaaeb,  with  valves  and  knotty  dOatatiüti»,  From 
these  branches  are  given  oif^  internal  1}%  some  of  which  ettcifcle,  At 
considerable  distance,  the  bodies  of  the  racemose  mucooa  glands«  and 
some  reach  the  base  and  external  surface  of  the  different  divimnfi 
of  the  tonsib.  Here  they  enter  into  tlie  fonnation  of  a  network  of 
eanala,  with  greatly  dilated  nodal  pointu^  and  some  of  them  penetrate 
upwards  into  the  tissue  connecting  the  follicles  (b).  In  the  latter  iitOA- 
tion  they  are  remarkable  for  their  eittreine  tineue&i  and  arrangement  in 
iionse  but  in^e^lar  networks.  Around  the  foil  idea  themselv^  (e)^  ih&m 
lymphatic  canals  form  circukr  networks,  their  calibre  being  imlhif 
small.  The  interfolIienln.r  lymphatics  penetrate^  to  a  greater  €»r  hm 
distance^  towards  the  snHkce  of  the  depression  which  ocoupiea  ihm  ixlal 
portion  of  each  division  of  the  tonsil,  and  end  here  eventually,  blind. 

The  lymphatics  of  the  Hngnal  crypts  possess  in  all  salient  points  the 
Hame  arrangement  m  these  just  mentioned. 

On  account  of  their  near  relationship,  we  will  here  append  a  few 
remarks  on  the  lymphoid  organs  of  the  pkanjnx.  The  latter,  in  many 
mammals,  is  found  to  present  a  very  extensive  lymphoid  inültration  of 
tho  mucous  membrane,  in  man,  the  arch  of  the  pharynx  is  possessefl  of 
follicular  glands  and  a  pharyngeal  tonsil,  composed  of  a  number  of  the 
latter.  This  is  situated  at  the  point  at  which  the  mucous  memhnne 
comes  into  contact  with  the  base  of  the  skulL  It  is  a  mass  several  lines 
ill  thickness,  which  extends  from  the  opening  of  one  Eastachian  tube  to 
the  other.     I  a  structure  it  resembles  the  tonsils. 

The  same  organ  is  to  be  found  among  the  mammalia,  as  in  the  |n^ 
i^heep^  ox,  and  dog.  Other  animals,  however,  are  not  possessed  of  it»  ■% 
for  instance,  the  hare  {Schmidt). 

According  to  Kodllker^  the  tirst  rudiments  of  the  tondls  may  be  seen 
in  the  fourlii  month  of  intra-nterine  life,  in  the  form  of  a  simple  depr»> 
sion  in  the  mucous  membrane  of  the  mouth.  A  month  later,  several 
other  additional  little  piU  are  evident,  and  the  lymphoid  infiltnit^sd  walb 
sre  of  considerable  thickness.  The  follicles  appear  subsequently  in  the 
substance  of  the  latter.  In  the  new  born  t^hüd  they  may  be  already 
present^  but  in  many  instances  this  is  not  the  ease. 

The  mode  of  development  of  the  lingual  crypts  is  in  its  hrosd  outUnii. 
the  same. 

f  250, 

The  muscles  of  the  phuryiix  are  nmde  up  of  striped  fibres  (j  164). 
The  tough  mucous  membrane  of  the  lower  portion  is  covered  with  simple 
papillae  clothed  with  laminated  flattened  epithelium.  The  upper  pari 
{fornix),  on  the  other  hand,  is  quite  destitute  of  these,  and  is  üovcnad  in 
the  infant  with  ciliated  epithelium,  while  in  the  adult  body  the  hitter  is 
replaced  by  the  flattened  species.  This  jKirtion  of  the  pharynx,  farther, 
is  that  most  abundantly  supplied  with  glands.  These  are,  in  the  first 
place,  of  the  racemose  mucous  species,  and  then  lymphoid  organs  men- 
tioned in  the  proceding  section.  The  mucoas  membrane  of  the  pharynx 
is  very  vit^ulsr,  besides  being  abundantly  supplied  with  lympbatie 
eanalsL  In'icirlacements  of  delicate  nerve  fibres  have  also  been  seen  in  it 
{BiUmih,  Koelltkery 

We  now  furn  to  the  tJtmplmQu^  which,  in  its  strong  extemid  longitu- 
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cliiial  layer  of  muscular  fibres^  as  well  m  ila  fine  interDal  trausverse  tunic, 
show»  a  grailiiiil  subfititutiun  of  contractile  fibre  cella  for  tlie  striped  tiseue, 
of  wti it'll  the  upper  jmrtion  of  the  tube  i&  compoaed.  In  the  superior 
thiftl  of  the  latter  the  first  species  of  muscle  alone  im  to  be  found.  111  en, 
on  the  entry  of  the  ü}sophagtia  into  the  thorax,  contractile  fibre  cells  begin 
to  moke  their  appearance,  eitlier  scattered  or  in  groups^  first  among  the 
traiisviireo  bu  miles,  ami  latiir,  in  the  longitudinal  tunic.  After  tin  a  they 
become  nmre  and  more  numerous,  so  that  from  about  the  middle  of  the 
tube  on  thtr  mui^^le  tissue  usually  appears  to  be  made  up  entirely  of  tJie 
«mooth  variety  of  celb  (Wdcker  and  ßcItwetfffjer-Seidßi)  remaining  »n 
throughout  the  whole  of  the  digestive  tract. 

Thy  mucous  membrane  loosely  adherent  to  the  mascular  tunic  beiteath 
in  throWQ  into  a  multitude  of  ruga-j  and  contain*!  numerous  simple  papilla* 
covered  liy  strongly  laminated  epithelium.  In  the  upper  part  of  the 
fBsophfif^iis  large  numbers  of  isolated  bundles  of  vertically  arranged  con- 
tractile lüire  cells  are  scattered  through  it,  and  lower  down  a  continuous 
longitudiital   Mtiseiäan4^  m«cö*<e   presents  itsclfj  occupying   the  deeper 


portion  of  the  membrane  (lioalliker^  Ihmle^  Khht).     The  latter  (at  least  in 
the  neW'bom  child)  is  formed  of  distinct  lymphoid  tissue  {Klein). 

The  glands  of  the  oesophagus  (fig.  452  and  453)  occurring,  it  vould 
appear,  iu  yarying  numbers,  sometimes  sc^nty,  iometimes  abundant,  are 
of  the  small  racemose  ipecies,  two  or*  three  of  their  excretory  ducts 
fretjuenlly  joining  to  form  one  common  canaL  At  the  extreme  end  of 
the  hnritan  oesophagus,  about  the  carfliac  opening,  are  to  be  found  small 
structures,  extendiu;;  not  quite  down  to  the  sub- 
in  ucosa  ;  those  are  the  cardial  glands  of  OohdlL 
Here  they  form  an  elevated  ring  about  2  mm.  in 
li  eight. 

The  MtKHl-vmseh  are  arranged  in  a  moderately 
loose  network  of  capillaries»  and  the  lijmphaHt« 
aW  in  a  retiform  interlacement  with  small  meahes, 
the  tub««  measuring  about  0*0200  or  0*0G99  mm. 
in  diameter,  and  lying  for  the  moat  part  parallel 
with  the  axis  of  the  Ösophagus.  The^  latter  are 
sttuateil  in  the  deeper  strata  of  the  nmcoaa,  and  in 
the  «ubmncous  eonnective-tissue.  The  arrangement 
uf  thi>  nerves  here  appears  to  be  similar  to  that  in  the  pharynx, 

§251. 

We  now  come  to  the  description  of  the  stomach  {t^mdrieului)^  which, 
OQ  account  of  the  physiological  importance  of  the  organ,  must  necessarily 
be  more  minute  than  that  of  the  last  mentioned  parts,  its  mucous  mem- 
brane calliitg  for  our  special  attention. 

1'he  Mefüim  coverhfj  of  the  viscus  presents  the  ordiuary  itructure  of 
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membrajiea  of  this  kind  (p.  226) ;  tlie  muscular  sHbäattce^  conjcbtiog  of 
longütidinalr  trBnsTcrse,  and  oblique  fibres,  belongs  to  the  mvotimtiij 
species  (§  163). 

The  7nit€otis  mmihrans  of  the  stomach  is  clothed  from  tho  caTdl&c 
oriHce  on  (where  the  flattened  epithelium  of  the  a^ophagm  tenmnfttes 
with  an  irregular  boundary  line)  with  columnar  epitheliam  (§  91),  which 
is  continuous  from  that  point  on  throughout  the  whole  extent  of  the  intes- 
tinal tube.  The  cells  are  of  the  long  and  uaiTow  species  (aboat  0*6S2S- 
06226  mm.  in  length  and  O'(>045-0-0056  in  breadth).  In  profile  thej 
are  seen  to  posgeas  a  cell-meinbrane^  of  whieh  the  free  base  of  manj  of 
them  is  probably  quite  destitute  during  life  {Schulte),  Younger  and 
smaller  epithelial  elements  may  also  be  seen  between  the  undermost 
f>ointed  extremities  of  these  cyliiiders. 

The  surface  of  the  goHtric  mucous  membrane  is  hy  no  means  smooili, 
but  on  the  cootrary  very  uneven^  with  prominences  varying  in  height  from 
€'0751  to  0*1 12S  and  0^2  muL  The  latter  possess  either  a  tuft-lma  form 
or  that  of  intersecting  folds,  bounding  a  multitude  of  smaller  oir  kiget 
depreaaioua  into  which  the  peptic  glands  discharge  their  costedta 
Onfices  at  the  summita  of  these  eminences,  on  the  other  hand,  never 
occur  There  is  much  variety,  as  regards  th^se  points,  both  in  different 
animals  and  localities. 

Still  more  considerable  eminenees  of  this  kind  are  to  be  found  at  the 
pyloric  end  of  the  stomat^h,  where,  as  a  rule,  the  mueous  membrane  attains 
its  greatest  thickness,  measuring  up  to  2  mm.  in  deptk  Towards  the 
cardiac  end,  on  the  other  hand»  where  the  surface  u  simoother,  the 
membrane  decreases  greatly  in  depth,  falling  down  to  from  l'U28  to 
0-6640  mm. 

The  proper  tissue  of  the  miicous  membrane  is,  owing  to  the  enormous 

number  of  glands  imbedded  in  it, 
but  very  scanty.  As  a  rule,  it  pn^ 
sents  itself  in  the  form  f^f  a  soU 
nucleated  connective-tissne  of  luoee 
texture  (fig,  454).  It  varies,  how* 
ever,  considerably  in  different  nlnimcff 
r>f  animals.  Beneath  the  glandnlar 
layer  i^  situated  a  stratum  about 
0O564  or  0  1128  mm.  in  thickness, 
consisting  of  tihrous  connect! ve-tiasne 
and  intersecting  muade  fibroa  In 
tins  two  layers  may  he  ?eepgnised-*an 
internal,  formed  principally  of  trans- 
vera©  iihre«,  and  an  external  or  longitudinal  coat  The  rclati%'e  thicknees 
of  these  two  layers  varies  greatly  in  different  portions  of  the  stomach 
{Schwartz).  Then  from  this  laminated  muscular  substance  tliere  iisoen«! 
email  bundles  of  contractile  tihre-cells  between  the  glandular  folliclesp 
These  mmculaf€^  mu^mtF^  whose  beginnings  we  have  already  seen  m  the 
irsophagus,  persist  now  from  this  on,  with  certam  variation  of  amnge- 
ment  m  might  he  supposed^  and  fonii  integral  elements  of  the  dige«tive 
mucous  membmne. 

This  constitution,  however,  of  the  mucous  membrane  may  give 
way  to  another*  There  may  appear,  namely,  lietween  the  hands  of 
connective*  tissue  a  greater  or  smaller  number  of  lymph- corpuscle«, 
pointing  to  an  intermediitte  form  of  tissue  between  that  of  the  gftirtri«; 


^^- 


Ftg- 4M,— Triiirr«FU  Metton  t)irnui.l  '.'-k  ^:<-- 
tr!c  IDIIEDD«  memtrnm»  «f  the  ntfoh.  a. 
Ilwae  of  Ihe  nmcoua  tn^nibruie  i  h,  tnawtm 
iflcttoii«  of  «mpTy  fcnd  Inject«!  bjficfd-tecArLB ; 
d,  optnlngw  ^hen  peptic  gUtidi  wen?  Bltui^tM. 
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iiumiici  gUBtrk  mtu^u«  munitiruiiL 
a^  rittet;  4^  Kl)ilc  «lAfldi. 


mucous  membmne^  ami  tbe  reticukr  lymplioid  substance  of  the  mucosa 
of  the  email  intestine* 

The  almost  inoumerable  gkntli  of  the  stomach  are  of  two  kinds,  not 
always  fea»y  to  dlatinguish  from  one  another,  -. 

however.     These  are  the  peptic  and  fjastrk       /^\/\y7y^/^ 

The  first  of  these  are  those  blind  tubules, 
already  mentioned  in  SBCtion  198,  which  ara 
closely  crowded  togetlier,  and  occupy  the 
whole  thickness  of  the  gaatric  mucous  meru* 
brats e  in  vast  numbers  (%  455,  b),  Tht; 
fact  that  in  the  neighbourhood  of  the  pjloruw 
in  the  nibbit  about  1894  may  he  oouuted 
upon  I  Q  mra.  of  surface,  will  give  some 
idea  of  tlieir  abundance.  Their  length,  wliicii 
corresprinds  to  the  depth  of  the  mucosa,  m  on 
an  average  about  1-13  mm.,  but  may  fall  to 
the  half  of  this,  as  well  as  exceed  it  bj  more 
than  i\ ouble.  Their  transverse  d km eter  ranges 
from  0*0564  to  00451  mm.  In  children  the 
tube  i^  shorter  and  of  smaller  calibre. 

The  opetiiap  of  the^o  tubuli»  which  may  be  either  grouped  together 
or  parted  by  regular  intervals  fnjni  otie  another,  are  roundish  orifices 
considerably  decreased  in  size  by  the  columnar  epithelium  cells  with 
which  they  are  lined,  and  which  are  arranged  in  a  radiating  manner 
{%.  456). 

Both  chemically  and  mecbauically  ther«  may  be  easily  demonitrated  a 
memhrana  propria  on  all  the  tuhuli,  formed  by 
a  eondensation  of  the  soft  Iixi^  connective* 
tissue  of  the  mucosa  iu  which  Ü&t  stellate  cells 
have  been  met  with.  In  the  human  subject 
ihts  is  only  slightly  wavj"  in  outliue  (tig.  457), 
but  in  many  animak  it  is  on  the  contrary 
tnarkecLy  sacculated,  as,  for  instance,  in  the 
dog.  The  blind  end  of  the  tube*  which  is  usually 
more  or  less  bulbous,  is  that  at  which  it  attains 
ita  greatest  calibre,  while  towurds  its  opening  it 
is  generally  somewhut  contracted*  Double 
tubnli,  althongh  of  rare  occurrence,  may  fre- 
quently he  simulated  by  tht*  crosaing  of  the 
extremities  of  adjacent  tubuli.  Treatment  with  alkali  will  generally, 
however,  bring  out  the  true  arrangement  of  part^. 

Only  on  very  limited  portions  of  the  human  stomach  are  deviations 
from  the  arrangement  of  the  peptic  cella  just  described  to  be  met  with. 
Thua  a  very  narrow  band  of  compound  tubules  i a  to  he  found  around  the 
cardiiic  extremity,  of  which  fig.  460,  I,  taken  from  the  same  region  of  the 
dog'a  stomach,  will  give  an  idea.  From  a  common  excretory  duct  of 
grater  or  le^a  length  («)  4,  5,  6,  or  7  gland  tubules  spring. 

Such  compound  peptic  follicles  appear  to  exist  in  much  greater  abund- 
ance among  the  mammEklia, 

Aa  regard«  the  contents  of  these  peptic  gl  an  «Is  the  cailier  views 
may  be  summed  up  as  follows.  Columnar  epithelium  lines  the  depres» 
äions  to  a  greater  or  lejs  distance  (Eig.  460,  b).     Intermediate  cellular 


Fig*  4m— Ssir*kce  of  th*  itom- 

»£9tt«ried  r^k-RiireA  of  th« 
p«pUC  ^IJltatK  ithitttiLi^  JÜU) 
the  f:jran(l€:rc|^i!tli<el1{uin  lliUnic 
rb&  ktt«r. 
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elenienta  tlien  maka  their  appeatuiiee,  and  after  them  Uie  specific  gknd  or 
peptic  celk  (fSg.  45T),  Tlie  form  of  the^e  when  iaoliifcetl  is  more  or 
less  cubical  (Ög,  45  U)*  They  are  of  considerable  sizg,  and  almost  completely 
Hll  the  gland  tubule. 

lu  man  tbey  had  only  been^  met  with  in  a  mora  or  less  decompo^ 


U 


Fig.    iS7.  —  Thrpft   ttomacJk 
iCkrxÜif   IT  um    ihn    hnniin 


liDBan   •icmuidd   Bfttr   linfc- 


iteditioii  (b).     In  Äuitable  objects  {a,  e-g)  they  appear  rouudish  or  iode- 

Huitely  angular,  0  0323-^0  01 87  mm.  in  diameter.    They  present  a  delbato 

boundary  layer  {^^  /^  (j)^  o?  are  quite  membmneleafl  {a,  e),  and  aw  com- 

^^  posed  of  protoplaam   which  l>e comes  clear  in 

^\  f^^^^  *  flcetic  acid,  Burrounding  a  nucleus  0  0074  mm, 

■^\i0  \30  iJJ   diameter,   within   which  a   nudeoJu«  may 

be  recijgnifled. 

Of  late  jears^  however,  this  older  vit?w  of 
their  nature  has  been  shown  to  be  quite  inconh 
plete.     Recent   investigations   by   ffeidimhah 
and  BoUett  have  adduced  mtjch  that  ii^  newj 
but  the  extreme  difficulty  of  the  eubjt^ct  hi 
prevented  defimte  conclusions  beitig  drawn  oit^ 
all  ptimtK, 

The  concluBions  drawn  from  our  own  pefson 
—The  peptic  gland  consials  of  sevenil  mrtsj 
with  Rdhtt  we  distinguish  four. 


ng,  *Ää>.  —  PrrriTPur   ffltmi  of 

peptic  ceUji  iwtR  roan. 

ohiervationa  are  aa  follows  ; 
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(1.)  The  firat  is  the  eutmiice  fiorlion ;  sometiiuea  deep,  sometimes 
ahaUow,  in  ooe  instance  wide,  another  very  narrow.  This  is  the 
/^stomach  cell "  of  English  writers*,  the  '*  Magengrübchen  "  of  the  Gerniana. 
Tliis  depreasiön  is  lined  with  the  ordinary  slend&r  columnar  epithelium 
of  the  surface  of  the  stomatL  Tlic  nucleus  lies  far  down  in  the  cell^, 
and  is  of  elongated  oval  ügnre  (fig.  461,  a), 

(2,)  The  seconil  is  the  underinoat  portion  of  the  atoin«cli  €<?1],  or,  if  we 
prefer  a  term  made  use  of  by  RoUeU^  the  **  inner  interinediat-e  portion 
of  the  peptic  gland."     Here  {h)  the  cells,  withont  departing  from  their 


,....# 


l^t 


dOfT*    4,  wide  entrance  C^j^lLnnjarA  trU'^)  Uiied 

MiTfTiil  tutiulei  lined  whh  pi^ptlc  ri^Ilt:  d,  pro* 
erotlciin  of  ttic  contcntjtof  Ehe  pi^pOe  ralllds.  %, 
The  «iMfllnK,  a.  in  th^  tinnivi-rBt!  »ef  hun.  3^ 
Ttmnf  remr  tcctitm  thrtJUKih  the  Kvei  iJ  giiitidiL 


Ftji.  Ml.— A  peptli^  ^^^nd  inm 
Use    cat    Jp    stdf*    rtrw,     », 

•%!   .       '    -"' ."  ^,  inner i  c, 

d.   .    '  «iiiiil«  «Jill  \\m 

two  kindji^r  üvtU, 


eptthelinl  character,  are  broader,  lower,  and  moru  granular.  The  nucleua, 
a  round  structure,  takes  np  about  half  the  height  of  the  coil  The  lumen 
of  this  part  is  usually  strikingly  nairowed. 

(3,)  The  third  part  now  is  the  ** outer  intermediate  portion"  of 
Bollett  (r).  It  consists  of  a  continuous  layer  of  pep  tie  eelb.  Kxter- 
tially  these  are  in  contact  with  the  membrana  propriag  and  internally 
they   bound   the   axial  canal.      We  have  not  been   able  to  find  any 
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Flic,  iej,— TFitir?*fie  ieeUofl  threajrb  the 
^wpnc  Bland  of  o.  tit  «.  peptic  ceüj  ;  K 
internml  ceUuUr  elerncnU  j  f ,  tmiuv«;^ 
icclltm  of  thv  cat^^Afles. 


lomorplious  cells. 


% 


other  khiila  of  cells  here»  altbougli  others  are  stated  by  Eeidmhmin  to 

exist      We  are  eupported  in   thk  by 

(4.)  Fmally,  we  some  upon  the  trye 
gland   tubule   (üf).      Here  the   pktut« 
is    entirely   changed      The    lumen    is 
bounded    by  a   continuous   layer   of 
special   kind   of  cell,  wliich    in    nianyl 
places  comes  in  contact  with  the  m«iii- 
brana  propria.     Externa!  to  this  lajer» 
and  as  if  imbedded  in  it,  we  tind  our  oM  j 
friend  a  tlie  peptic  cells,  sometimes  few,' 
eometimea  in  large  number.     Tbc  inner* 
most  cells  have  been  named  by  H^idm- 
hain  "  chief  ceUs."  and  by  BidMi  ode  ' 
The  peptic  elements,  on  the  other  hand,  are  spoken  i 
i        by  the  first  observer  as  **  overlaying  ceHs,* 
and    by    the    latter   as    "  delomorphoua*^ 
celh. 

These  two  kind  a  of  cellular  element«  ig 
the  triio  peptic  gland  tube  may  \m  easil] 
m%\\  in  the  dog  and  cat.     Transvene  seo-^ 
tlons  also  show  them  (fig.  46*2).     In  other 
mammals  also  essentially  Himilar  relation«^ 
are    likewise    to    be    seen     {HeidcnhahtJ 
UoUät). 

HdtUnhami  observatious  in  regftld  to 
the  differences  to  be  observed  in  the  ap-j 
pearauceof  the  peptic  glands  in  the  sUteic 
reiät  and  activity  are  of  great  interest  further. 
In  a  fasting  dog  (tig.  463,  1)  the  gland 
tnbules  appear  shrunken,  and  usually  tegu- 
lar in  their  outline,  while  thek  '•'  adelo- 
morpbous'^  ceUa  are  transparent,  8omt> 
hours  after  receiving  food  quite  a  diiferent 
ap|i€araöc«  present»  itself  {2,  3),  The 
jieptiu  glandä  appear  swollen,  and  their 
walls  bulged  out  at  points,  the  adtlamor- 
phous  cells  are  enlarged  and  clouded  with 
a  finely  granular  contents.  Later  on  all 
tliit!^  swelRng  up  has  disappeared  (4),  The 
adelomorphous  cells  are  much  diminished 
in  volume,  but  still  very  rich  in  gimnalar 
matter. 

Which  kind  of  cell  now  prwlncea  th«i 
gastric  juice,  the  pep^tic  or  adelomorphcrtiaf  1 
or  does  one  species  of  cell  yield  the  pepsin 
and  the  other  the  acid  1 

These  questions  cannot  at  pres^^tit  ba 
answered.  We  are  inclined  to  ascribe  the 
greatest  importance  to  the  peptic  cella, 
and  with  MoUeti  to  regard  them  «a  coa- 
tntctile  elements, 


Mfr.  4fi3.^F*^ptlr  iHiodfl  Itom  the  doir« 
After  Mridtnhaini  tJie  peptic  celii 
{j»Tl(«neO  with  Aiiiliot;  blue.  1.  From 
»  ttkitiiig  Antmal.  Z  A  purtion 
•woUtn  up  In  tlie  flrtt  period  of 
itl^r^tton.  3.  Tranrrci-Hiind  oblii|DQ 
fMPctlgn  of  the  ume.  4,  G1jin<l  fcfl* 
ikle  M  the  end  i^t   the   |ier{fl4  «f 
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5  252. 

There  is  beside  those  jnst  mentioned  another  species  of  gastric  glands, 
discovered  many  years  ago  in  the  pig  by  Wmmann,  Here  we  liave  tub<?tt 
w^ith  blind  endings  and  hollow  down  to  the  , 

latter,  whudi  are  clothed  intemally  nob  by 
peptic  cell^,  hat  columnar  ckmieTits  like  thoa« 
üf  epithdiutn.  The  tube  itseM*  become« 
opaque  on  treatment  with  acetic  acid.  Tlieee 
(tig.  4*>4)  are  the  gasirlc  murnu»  glandd 
{KiKUikery  They  have  since  been  recog* 
niscd  as  occurring  very  widely  in  the 
littomaclis  of  the  manirnalia,  and  may  be  met 
with  either  simple  (fig,  404^  ) )  or  compound 
(2),  In  the  dog^  cat^  rabbit,  and  Guinea-pig 
they  are  met  with  near  the  pylorus  in  large 
numbers.  They  are  arranged  in  a  narrow 
zone  in  the  neighbourhood  of  tlie  pylonie 
in  man  al£u>,  but  in  the  form  of  compound 
glands  (Koelliker). 

Very  accurate  observations  have  lately 
been  made  by  Ebstein  on  the  stomach  of  the 
dog.  Here  the  ordinary  columnar  epithe- 
lium of  the  surface  of  the  stomach  is  con- 
tinued down  to  a  considerable  depth  into 
the  sometimes  simple,  sometimes  compound 
tube  (fig.  465j  a).  The  under  portion  or 
blind  end  presents,  on  the  other  han<l,  lower 
cellular  elements  rich  in  fine  grannlta  and 
clouded  {h,  b),  Tliese  resemble  in  many 
respects  the  adelomorphous  cells  of  tiie  peptic  glands.  Tliey  also  mani- 
fest the  same  difFerences  in  the  fasting  and  digesting  animal,  which  were 
pointed  out  by  Hmdenhain  (previous  §)  in  the  latter. 

As  regai^is  the  comi>osition  of  the  two  kinds  of 
stomachal  gland  cell  a  so  me  observations  were  macie  some 
years  ago  by  Frerkh^,  They  are  composed  of  an  albu- 
minous substance,  and  a  finely  granular  matter,  pepsin 
(see  below)f  wliich  may  be  dissolved  out  with  water. 
Besides  this  they  contain  a  certain  amtitunt  of  fats, 
and  among  them  choleätearin.  The  ashes,  amount- 
ing to  3-3 "5  per  cent.,  consist  of  earthy  phosphates. 
traces  of  phosphates  of  the  alkalies^  and  sulphate  of 
calcium, 

That  their  contents  have  anything  to  do  with  the 
fonnation  of  gastric  juice  has  not  yet  been  proved, 
although  some  suppose  them  to  have. 

The  existence,  in  the  human  etomatih,  of  those 
ordinary  rticemom  (flandi  which  are  of  such  frequent 
occurrence  in  most  mucous  membranes,  is  denied, 
and  as  a  rule  with  justice.  They  are^  however, 
constant  in  the  pylonis,  in  the  form  of  minute  organs  imbedded  in  the 
mucosa  itself.  In  man  I  hey  ar©  grouped  together  in  longitudinal  bands 
of  from  6  to  7  (CoMli). 


f1^  4^— Rtomictiftl  niBflmi«  j(t«rkfl& 
1+  A  ilngk-  glmiiLl  tutt«^,  fram  tht- 
c»rÜ^^Ll  enil  ut  ^iie  p\tt'i  utomJiiCftt 
lined  wlih  Cüliirnnfti'  cflli.    «,  tha 

Iwlntad   «»Jilt,      ^.    A    cmnpOBf^il 
gUtid  fruin  I  he  pylorui  of  tlie  dvg. 


Flg^.  4SJ. — Ftooi  ft  ^stB' 
«dial  rn  net  IIA  fs*,asi4  itt 
the  ilr>^.  a,  bitaeimcHil 
[Kirtion  or  thn  £»(!&!  qI 
»Kit;  fr.ciimcii^ecincnt 
of  tkt  trae  gUuä  tubci^ 
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The  hjtnphoid  folUdcd  of  the  gastric  mucous  membrafte  liÄVe  bmg  been 
known  under  the  name  of  the  hntictdar  glands.     They  are  not  alw&fs  to 

he  found  in  man,  but  ar©  of  father 
exceptional  occurrenue^  varying  gfeatij 
in  number,  also,  wherever  tboy  aw 
present. 

The  vttsüuiur  mßtem  of  tbe  atomaehaJ 
mucous  membmue  (fig-  4  GO),  upon 
which  the  secretion  of  tli(&  gastnc 
juice  and  absorption  of  the  fluid  coo* 
tents  of  the  stomach  Is  dependent»  ia 
very  characteristic  {%  1£>7).  The  arte- 
ries undergo  division  imiiiediiitiflj  oti 
arriving  in  the  submticosa,  so  that 
they  arrive  at  the  under  surface  of 
the  true  mucons  membranti  in  tire 
if  ^1/  tK  V  V 1  \y  forui  of  very  fine  twigs  havinjj  an 
\    \ß\KJLd^^^  oblique  course  {(iga,  466  and  4tj7,  r^ 

A      nI  /  jQ^AMMfc  Here,  with  but  dightly  <!  I 

^L.  .^tU^ßn^^^^^  calibre,  they  are  finally  res-  , 

^H^H^^^I  a  delicate  network  of  capillari^  (lig. 

^^^  K  467,    d),   whose    tube^  of    0*0070^ 

^^r  >►  0'0038  mm.  are  wovtiu  around  the  pep- 

tic glands  fonnifig  elongated  meahm 
{figa,466aiid  468).  Thus  theyad%*aiii5fr 
as  iar  as  the  surface  of  the  mncoaa, 
where  tlie  oriücea  of  tlie  glands  an?  sur- 
rounded in  a  circular  niesh-work^  and 
ioojis  are  prolonged  into  any  pupilla* 
that  maybe  present  (lig.  466,  above).  It  is  from  this  last  pnrtinn  of 
the  vascular  apparatus  alone  that  the.  tnin^ition  of  arterial  into  vt^norjji 
blood  takes  place.  The  radicak  of  the  vciina  nre  more  or  lesa  Si^atteiieti, 
^  that  a  certain  amount  of  resistance  is  offered  to  the  flow  of  blood  into 

them.  These  venous  twigs,  thcn^ 
become  %'ery  rapidly  developed  int« 
trunks  of  considerable  calibre,  which 
traverse  the  mucoui  membrano  jwr- 
pendicularly  downwards  to  empty 
themselves  eventually  into  a  wide- 
meshed  network  lying  horizontally 
underneath  the  latter  (tigs.  465  and 
467,  6,  a).  This  arrangement  per- 
sists, as  a  rule,  throughout  the  vari- 
ous speeies  of  mammal^^  with  slight 
nioditi cations,  aöecting  principally 
the  surface  of  the  mucous  membrane. 
In  the  long-ineahed  network  of 
capil lariat  we  hare  before  us  that 
fjortion  of  the  vascular  system  pro- 
siding  over  the  secretion  of  the  organ, 
and  in  the  round  meshed  network 
with  the  venous  radicals,  that  part  formerly  erroneously  supposed  to  he 
devoted  to  ab«orptioiL 


tItK  A  fin«  artorliü  tirij^  breaks  ttp  lata  « 
Icviijr-fn exiled  cAplUtry  nttwoi-k,  whicn  paucs 
Hlfttlin  liiTo  %  ruttiuUtntHtipd  äromnd  rh«  0|i«i]- 
tnit»  tvf  thL"  glftndft.  From  ihJ»  l*ti«r  tlic  vein 
%\\\^  lArge  dULiife  v«a«D]>  ukiAtti  orlfüL. 


£€ 


Q 


FL|r.  467.— From  ttie  tt«iniic!i  of  thfl  do;,    a,  a 
^njT  up  Itito  a  capiUAry  network  (d>  ftir  th« 
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As  regarda  the  lymphatics  of  the  stomach,  only  the  deeper  wore  known 
until  quite  recently. 

According  to  Tcichmann  —  with 
whose  views  my  own  observations  are 
in  perfect  harmony — there  exists  be- 
neath the  peptic  glands  a  network  of 
lymphatic  canals,  about  00305-00501 
mm.  in  diameter,  which  communicate 
with  a  deeper  wide  meslied  network  of 
passages  of  larger  calibre,  measuring 
transversely,  from  01 805  to  0*2030! 
From  these  latter  the  true,  valved 
lymphatic  vessels  are  then  developed, 
which  gradually  perforate  the  muscular 
tunic  to  follow  subsequently  the  two 
curvatures  of  the  stomach. 

For  many  years  this  was  supposed  to  be  the  true  arrangement  of  pans, 
and  numerous  efforts  were  made  to  prove  that  the  superficial  veins  of 
the  stomachal  mucous  membrane  presided  over  the  absorption  of  the 
organ. 


Flfr.  468.— Undermost  half  of  peptic  gUnda 
from   the   dojr,  vrith   their  long 
capUlftry  networks. 


Fig.  4M^— LTmphatLc  vessels  in  a  vertical  section  of  the  macons  membrane  of  the  stomach  of  an  adolt 
roan  (original  drawing  bj  Lov^n), 

But  quite  recently  this  difficulty  has  been  got  over  at  the  hands  of  an 
excellent  Swedish  observer,  Loven,  whose  dexterity  we  may  thank  for 
the  injection  of  these  passages,  and  that  of  the  highly  developed  lym- 
phatic apparatus,  whose  radicals  ascend  almost  to  the  surface  of  the 
mucous  membrane.  The  arrangement  of  these  will  be  easily  understood 
from  fig.  469,  and  no  further  explanation  need  be  given. 

The  nerves  of  the  stomach,  derived  from  the  vagus  and  sympathetic, 
are  arranged  in  the  submucous  tissue  in  a  plexus  studded  with  numerous 
minute  ganglia  {Remak,  Meissner),  The  greatest  obscurity,  however,  still 
remains  as  to  the  ultimate  termination  of  the  fibres. 
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The  development  of  the  stomach  is  a  eubj'eet  in  the  history  of  d&teh 
ment  to  which  great  interest  attaches.  We  wiQ,  however,  occupy  oiir- 
8^1  vea  only  with  its  aceeesory  organs,  Theise,  the  tubular  glands  commence 
in  the  form  of  pointed  proceaseSj  sprmging  downwards  from  the  intesttmü 
glandular  germinal  plate,  which  become  gradually  hollow,  beginning  »I 
the  openings.  It  is  a  point  worthy  of  notice,  that  these  glands  are  for 
a  long  time  entirely  unconnected  witfi  the  subjacent  loose  fibroua  intestinal 
layer ;  and  it  is  not  until  the  üfth  month  of  intrauterine  life  that  the 
latter  send^  up  tufted  processes  between  the  gastric  tubnli  to  form  thii 
mucosa  of  the  part  (KocUiker). 


The  mneous  membrane  of  the  n on- functioning  stomach  is  pale  in 
colour,  and  more  or  less  eojnpletely  covered  by  a  t|uantity  of  eithi^r 
sliglitly  acid  or  alkaline  slimy  mattter  of  considerable  viscidity.  This  is 
the  secretion  elaborated  by  the  gastric  mucous  glanda  In  it  may  he  se*^n, 
under  the  microscope,  beside  cast-off  columnar  epithelium,  numerous 
peptic  cells  escaped  from  the  peptic  tubuli,  and  frequently,  also,  a 
number  of  more  or  leas  broken  down  structures  of  the  same  nature,  naked 
cells,  und  free  nuclei  surrounded  by  particles  of  the  original  cell  contents. 

According  to  B>*Ü€h}  and  Bvrnard,  it  is  only  the  surface  of  the  mucosa 
which  is  acid  in  the  living  im im al,  the  deeper  portions  liaving  an  alkaline 
reaction.     After  death  the  whole  becomes  rapidly  acid  owing  lo  düfuaion. 

On  the  introduction  of  food  into  the  stomach,  or  nnder  the  infliiöiüe 
of  other  chemical  or  mechanical  excitants  of  the  gastric  mucous  mem- 
Urano,  the  condition  of  things  is  immediately  cl ranged.  Owing,  probably, 
to  some  reflex  action  not  yet  understood,  although  indicated  in  many 
ways,  an  increased  influx  of  blood  into  the  intricate  vaseular  interlacements 
of  the  mucosa  takes  place.  The  veins  become  distended,  and  contain 
brighter  blood,  and  the  v^'hol«  surface  appears  to  the  im aided  eye  of  a  more 
Of  less  rose-red  colour,  m  addition  to  which  phenomena  the  tempcmtuw 
rises.  Coincident  w^ith  these  changes  the  guMrte  juice  commences  to 
well  up  from  the  tubules,  bearing  with  it  numerous  peptic  cells  from  tlie 
lining  of  the  latter. 

This  juice  is  a  transparent  Üuid  of  strongly  aetd  reaction,  either  perfi*i:tly 
colourless  or  of  a  pale  straw  tint     It  takes  up  certain  constituent^}  of  the 
mucous  coating  of  the  stoniachf  and  extracts  subsequently  various  fer-  ^ 
men  ting  substances  from  the  grannlar  contents  of  the  pep  tie  cells,  il 
process  which  commences  while  the  juice  is  still  within  the  tubuli  in* 
which   the   peptic   cells  are   contained.      It    is   likewise    mixed   with 
whatever  saliva  may  have  been  swallowed     It  cannot  then  be  a  matter 
of  surprise  that  tiie  gsis^tric  juice  poösessea  a  speciiic  gravity  of   I'OOl, 
1^005,  and  rOlQ, 

The  proportion  of  solid  constituents  in  this  secretion  is^  as  a  rule, 
amall  but  variable.  Thus,  in  the  sheep,  it  contains,  according  to  Bidder . 
and  Schmidt^  1"385,  ajid  in  the  dng,  2*690  per  cent.,  while,  according  tol 
the  last  named  observier,  that  of  tlie  human  female  only  contains  0'559| 
per  cent.  The  nature  of  the  fluid  also  would  lead  ns  to  expect  consider»' 
»bb  variety  also  in  one  and  the  same  individual 

The  two  most  important  of  these  constituents  are  a  free  acid  and 
peculiar  fermenting  subgtanc^e,  ^vhich  possesses  in  the  presence  of  the 
former,  and  only  then,  a  great  amount  of  enei^* 

The  acid  in  question  has  giren   rise  to  much  debate  regarding  ft 
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Bfltiirt*.  It  has  been  held  at  different  timea  to  he  either  lactie  or  hi/dm' 
ehioriCt  without  taking  into  account  a  number  ol"  other  iU-fouöd*;d 
ilieoritis.  The  matter  hna  Ixjen  at  last  set  at  rest,  however,  hy  0.  Sfhmidf, 
in  favour  of  the  latter  view.  Lac  tic,  acetic,  and  butyric  acids  mäj, 
however,  bo  pres<?nt  aa  det^oni position  prrjdnct«,  tlie  fimt  being  iiid^d 
a  Tery  frequent  constituent  of  gastric  juice.  0'i)2  per  cent,  of  hydro* 
chloric  acid  waa  discovered  by  i^dimidt  in  the  gastric  juice  of  lä.  female, 
and  0*305  per  cent  by  Bldihr  in  that  of  the  dog. 

The  /ertnent  found  in  the  gastric  juice  is  known  as  pejmn.  It  was 
many  years  a^u  made  the  object  of  irery  extended  investigation  by 
^eh statin  and  Wa^tnaft^  and  since  then  by  many  other  ohs^ervers,  hut  can 
%ardly  \m  said  to  have  ever  been  obtained  completely  pure.  Its  propor* 
tion  |^'<?nerally  amounts  to  about,  on  an  average,  1  per  cent*  Bidthsr  and 
Srhmidt's  analyses  give  1^75  fijr  the  dog.  0*42  for  the  sheep,  and  for  man 
only  0"319  per  cent  At  present  but  littie  is  known  of  pepsin  as  about 
all  the  other  fermenting  substances  of  the  animal  economy.  We  are 
a  ware  J  indeed,  that  it  occurs  in  a  soluble  form^  is  precipitated  by  alcohol 
without  losing  its  digestive  power  on  subsequent  re-solution  in  water, 
whilst  ol»^vation  of  temperature  above  60*"  0,  destroys  this  for  ever.  This 
pepsin,  as  has  been  shown  by  Fn'rkJis,  is  the  grsjiulap  matter  seen  in 
the  cantenta  of  the  peptic  gEands,  It  appears  to  possess  almost  unlimited 
digsative  properties  in  the  presence  of  an  adequate  amount  of  dilute  acid^ 
so  that  there  seems  to  be  an  inexhiiustible  store  of  it  in  the  mucous 
membmne  of  the  stomach. 

The  mineral  comtituents  of  the  gastric  juice  are,  chlorides  of  the 
alkaliesj  phosphatic  earths,  and  phosphate  of  iron  {Bidder  and  Schmidt). 
Among  the  hrat  we  lind  a  great  preponderance  of  common  salt,  and 
besides  chlorides  of  potassium,  of  ciilcium,  and  of  ammonium  also*  Wo 
shall  take  an  analysis  by  the  two  last  named  ohser\'ers  as  an  example  of 
the  proportions  of  the  various  salts.  The  percentage  in  the  gastric  jtiica 
of  the  dog  was  as  follows  ;  Cblonde  of  sodium^  0"251  *  of  calcium,  0'062 ; 
of  potassium,  0J13j  of  ammonium,  0047;  phosphate  of  magnesium, 
0  023 ;  of  calcium,  0^73  ;  of  iron,  0-008,  i 

Just  as  the  peptic  cell  is  able  to  produce  pepain  from  an  albuminous 
substance^  so  also  does  it  yield  hydrochloric  acid  by  the  splitting  up 
possibly  of  the  chlorides.  This  process*  however,  is  probably  carried  on 
only  at  the  undermost  {tortion  of  the  gland  tubule,  i.^.,  near  the  oriHce 
{Brikke)^  the  source  of  the  watery  Uuid  with  its  salts  being  tlie  long- 
meshed  capillary  network  of  the  peptic  glands. 

The  amount  of  gastric  juice  poured  ont  is  naturally  very  variable, 
owing  to  the  periodical  nature  of  the  functions  of  the  stomach,  and 
ihtsrefore  necessarily  difficult  to  determine.  It  ia  stated  by  Bidder  and 
Schmidt  to  be  at  all  event«  very  considerable  A  dog  of  about  a 
kilogramme  weight  produces,  in  the  course  of  a  day,  about  100  gtammes^ 
with  extremes  in  both  directions,  Schmidt  estimated  the  amounl 
secreted  hourly  in  the  body  of  a  woman  at  the  enormously  high  figure 
of  580  grammes. 

The  itse  of  this  fluid  is  to  diasolvo  the  albuminous  matters  taken  into 
the  ski  mach,  and  to  convert  them  into  peptontrg^  !>,,  modifications  of 
these  substances  which  neither  coagulate  at  boiling  point  or  under  the 
^tion  of  mineral  acids,  nor  combine  with  luetalHc  salts  to  form  insoluble 
compounds  (I^^tmann),  They  transude,  on  the  other  hand,  with  great 
readiness  through  animal  membnmea,  a  property  of  the  utmost  import- 
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ance,  which  imdigested  albumeii  tlo^s  not  possesa  In  contradiiÜDctioD 
to  the  latter,  thenj  th©ae  peptones  might  be  deeigaated  as  albunmiat 
capable  of  being  aljÄOtbed.  Owmg,  however^  to  th©  extreme  difficulty  __ 
the  subject,  there  etill  exists  up  to  this  yery  hour  a  great  tüffi^reuc^  of 
opinion  among  phyaiologista  as  to  the  nature  of  peptone,  in  spite  of  the 
exertions  of  very  excellent  observers  (BrucAtj  Meismer). 

The  mudl  ifiteätiaey  with  its  a^frosa  and  irellknown  double  kyet  of 
timscle  libri*s,   present«,  as  regards   ita   mucous  membrane,  a  fiw  mon 


i 


'"t!^ 


Ht:  irOl— Fmcu  the  ■iii&i]  intr^ifi«  of  th*  nfcl>  Fl«.  *7l— VertJe*!  «ectloD  r»f  tti*  mnonosiD« 

MK    a,  lUne  ot  Uie  mucoua  inembnne;  h  brvne  of  the  smiJI  Inl^van«'  oF  &  ca^    «;  I 

IjnipliBtlpeafiAl;  c.  «n  «tdpry  triiiiT«ne  tM>  g\ma6t  of  £li4<ri£lbf ,-  Au  villi. 
Urn  St  m  glnd  «r  lubtrHhHi  <  ■JiM^«r  of 
the  iune  occupied  by  edU. 

complicated  structure  than  that  of  the  stomach.  This  membranev  in  iktt 
first  place,  is  thrown  out  into  a  multitude  of  creacentic  dn plica ti] 
known  as  nalmdm  connivefites  KerlrmgiL  and  is  covered  in  the  next 
innumerable  small  conical  processes,  the  mlH  inttstinaltt^  By  lb 
arrangement  of  valve^s  and  tuftd,  an  enormons  increase  of  surface 
obtained.  We  limlf  further,  iu  the  tissue  of  the  mucosa,  two  forms  i 
glandSf  namely»  the  vw^eTnom  viiteofis  {flandft  of  ßTymner^  and  the  iuh 
of  Lieherkuhtif  to  which  may  be  added  the  hjmphaid  ß?üides^  either 
id  ogle  or  in   groups,  known   as    t)ie  mlitar^  and   a^inaied  glands  of 

But  the  tiasue  of  the  mucous  membrane  itself  (ßg.  470),  laalsu  dUferent 
in  texture  from  that  of  the  stomach.  Thin  Den  and  suppUed  with  the 
mu^mdaris  mueasm^  it  no  longer  presentt;  the  chnmcteT  of  ordinary  tibrous 
tissue,  as  does  that  of  the  stomach  ae  a  rule.  It  condsts  rather  of 
reticular  connective-tissue,  containing,  entangled  in  its  interstices  amdj 
meshes,  an  abundance  of  lymphoid  cells,  and  only  assuming  a  mcire 
lees  homogeneous  membranous  structure  towards  the  gland  cavities  i 
towards  ita  free  eurfiice,  whili^t  at  other  points,  a.^  for  inatanea,  nt«r  tfa 
surface  of  lar^e  vesselft,  it  appears  to  be  made  up  of  longitudinal  Übr 
This  tissue  of  the  mucous  membrane  varies  also  to  a  certain  extendi 
according  to  the  dilTerent  species  of  animals. 

The  viUi  commence  on  the  intestinal  aspect  of  the  pylorud,  flat  and 
low  at  first,  and  increasing  gradually  in   height   until   they  aaaumt 
conical  or  pyramidal  form,  which  merges  step  by  step^  as  we  pp  _ 
downwards,  into  a  slender  tongua-lik©  figures     They  stand  tightly  paek'^ 
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one  against    tlie   other   (fig,    47 1^   ß),   so  that,   aceoTding   to   Kraukctt 

eetimate,  about  from  50  to  90  spring  from  1  Q  mm.  in  the  jejunum,  and 

duodenum,  and  in  the  deum  from  40  to  TO,  giving 

for  the  whole  extent  of  the  small  intestine,  accurd- 

ing  to  his  calculation,  4,000^000.     Their  hai^Ut 

varies   from   0-23   to    ri3   mm.    and    upwardt", 

Their  breadth  alöo  diJTers,  Daturallvj  according  to 

their  form.    Transverse  sections  show  them  to  be 

either  cylindrical  or  J eaf shaped. 

All  these  villi  aro  clothed  with  peculiar  col- 
umnar epithelial  colls,  already  referred  to  (p.  147), 
which  present  on  their  free  surfacea  a  thick^ueti 
border,  perforated  by  pores  or  fine  canal iculi  (fig, 
47  g,  a). 

lletween  these  cells  (fig.  473,  b)  may  be  ob- 
served— not  un frequently  distributed  with  t^>ler- 
able  regularity— those  **  goblet  cells"  which  have 
been  already  brought  before  our  notice  (§  03). 
In  ntiiid^er  they  vary  with  the  species  and  the 
individual 

We  abo  encounter  here,  as  in  the  stomach, 
Am  ail  roundish  stmctures  lying  between  the  in- 
ternal extremities  of  the  columnar  epithelium 
cells,  ITiese  may  be  regarded  as  destined  to 
replace  the  latter  as  they  successively  perish. 

Under  the  epithelial  layer  we  next  come  upon 
the  franjeivork  of  the  structure  in  the  form  of 
reticular  connective  -  substance  with  entangled 
lymphoid  corpuscles  and  nuclei  in  some  of  the 
nodal  points  of  its  not  unfrequently  long  meshed  network. 

The  recognition  of  the  true  nature  of  the  surface  of  the  villus  is 
attended  with  considerable  difficulty.  Neverthelesa,  we  may  see  that 
here  also  it  preserves  the  same  retiform  character»  although  the  bands 
may  in  many  instaneea  become  broader  and  flatter,  and  the  interspaces 
between  them  decrease  iti  sixe  until  they 
become  merely  «mal I  apertures,  so  that  the 
effect  almost  of  a  homogeneous  mem- 
branons  limiting  layer  may  be  given. 

This  tissue  of  the  villi  is  traveraed  in 
the  first  place  by  a  vascular  network  (//), 
next  by  a  lymphatic  canal  (r/),  occupying 
the  axis  of  the  structure^  and  lastly,  by 
delicate  longitudinal  bundles  of  unstriped 
niusGular  fibre«  (c).  For  the  discovery  of 
the  latter  we  are  indebted  to  Bmckef  although  anterior  to  his  researches 
on  the  subject,  distinct  contractility  had  been  recognised  in  the  intestinal 
villi  ill  the  living  or  recently  killed  animal,  producing  nomerous  wrinkles 
on  the  surface  of  the  process  {Lacuucldc^  Gmhy^  and  Dd^fondj^  These 
bundles  of  muscle  fihrea  may  be  traced  down  through  the  mucous  mem- 
brane into  the  mtiMuhris  of  the  latter. 

The  vasmfar  neiimrks  of  the  intestinal  villi  (figs.  474,  475)  occupy 
invariably  the  peripheral  portions  of  the  latter,  and  are  supplied  in  the 
fi mailer  mamm^ia  each  by  a  small  arterial  twig  or  pair  of  the  same  (a). 


L 


m 


«plLhclipni   wLtti    ihlckenp^l 
Wdtfr   or   ■rtiiiculJii'   mrni- 

f,     lanj^ErUiilBil     niUKalHr 
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ii«.  471.— VuawdUr  *y»Tejn  of  ao  iiirefltlii&l  tIUui  in  tbt 
TsbbK  «I,  til  a  &rt«flP4  (»had«4}„  brcukinj^  up  flrit 
|nU)  a  etpLUAry  D'ttirDi'k  aruund  tlie  ^rlmdji  of  £üfdcr- 
tähnid);  K  network  i^r  caplUmrlct  in  th<  rUlut;  e, 


which  ^ccnd  at  one  eide,  bend  over  at  the  ajwx,  and  follow  th©  op|K»L£« 
wall  in  returning,  as  venous  veaaelfl  (c),      Bütween  these  afTereiLt  and 

efferent  vessek  a  capUlavy  net- 
I  wi^rk  exiets,  sometimes  exceed« 

ingly  complex,  sometimes  very 
eimple  in  its  arrangement  (^). 
It  not  un frequently  happeo« 
that  a  system  of  capillaries  is 
firat  given  off  by  the  arterial 
twig  to  supply  the  glands  nf 
LieberMhn  (d)^  opening  at  the 
haae  (fig.  474,  a  to  the  right) 
oC  the  villus,  which  ny^tem  i* 
simply  continuoua  with  that  of 
the  latter  (^  to  the  right). 

The  diameter  of  tlto  arterial 
vessel  may  rise  to  0*226-0  "028  2 
mm.^  that  of  the  vein  t4>  0*045 1 
mm.  In  calibre  the  capillArr«* 
measure  on  an  averages  0  007^ 
mm.,  and  their  ftrr;ingt;me 
is  usually  in  elongated  m^h 
The  disposal  la  loops  of  the 
arteries  in  theit  transition  into 
veins  may  be  absent,  a  capillary  network  being  interposed  between  the 
two  vessels  at  the  summit  of  the  villus. 

Wo  have  already  alluded  (p.  374)  to  th* 
coecal  chyle  canal  of  the  intestinal  villus 
When  the  latter  is  more  than  uautilly  brttail 
there  may  be  two  or  even  several  of  the 
bEnd  tubes,  but  when  am  all  and  aland 
they  are  only  single.  The  chyle  canal  occu- 
pies the  axis  of  the  villus,  and  presents  itself, 
under  ordinary  treatment  (fig.  47ii,  (i),  in  c^r- 
tain  cases  quite  distinctly  as  a  tube  formed 
of  a  homogeneous  non-nucleated  membfana, 
on  an  average  0  023  mm.  in  dirtmeler.  On 
treatment  with  a  solution  of  nitrate  of  silver» 
however,  this  tube  is  easuy  ahowrj  to  hr 
composed  of  a  laj'^er  of  those  jagged -e^Jgcd 
vascular  cells  abeady  so  frequently  allitdcfl 
to.  It  may  be  seen  with  great  clearness  when 
injected  artificial ly^  and  also  in  the  villi  of 
animals  killed  while  engaged  in  <l igest iitg  an 
abundance  of  fatty  food  (fig,  476). 

§255. 

Turning  now  to  the  glandular  elements  of 
the  small  intestine,  we  shall  commence  with 
the  least  important^  namely,  with  the  mo^- 
mose  mucous  glands  {fig.  477,  h\  known  cook 
monly  as  Brunner'*,  They  are  confined  to  the  duodenum,  and  begin  elos« 
to  the  stomachy  clofialy  crowded  together  into  a  regular  adencms  Uy« 


Fiff.  il&.^Vi»cTilnr  network  fn'Tu 
thelDlaitlqitl  vtllii«  nl  A  hju«,  wuh 
It«  arterial  btanrti  K  cm\y\\\\Lt\vm  r, 
and  wDDus  br«jich  d. 
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seated  immediately  under  the  mucosa.  Thus  Lboy  extend  as  ht  m  th<> 
orifice  of  the  dtictm  dwl&iothm,  and  from  that  point  on  nppear  UMm* 
mrt^y.  Among  the  maramalia  much  variety  ia  observed  nsregarda  tht^^r 
iirgtius.  When  only  KÜgblJy  developed,  iis  b  frequently  the  case,  they  ate 
*:onfintMl  to  the  neighbourhood  of  the 
pylorus,  foTming  a  complete  zouo  just 
behind  it.  The  diameter  of  these 
glands  ranges  from  0*23  to  2  mm.  The 
branches  of  the  excretory  ducts  present 
a  eompHcaled  seriea  of  twists  unlikt* 
i>ther  glaiida  of  the  same  kind 
{ScitwulL),  TRg  acmi  are  round, 
elaugated,  or  even  tubular,  and  measure 
from  0-0564  to  0"  1421  mm.  The  ex- 
cretory canals  of  ihme  glands,  con* 
fiiderable  in  calibre  (fig-  477),  ascend 
obliquely  upwards,  slightly  bont^  dis- 
charging their  contents  at  the  base  of 
the  viUi  (%  477,  4 

Both  excretoij  duct  ami  gland 
vesicle  ar»,  strong«  to  say,  lined  by 
the  same  species  of  rfOls,  These  are 
Inw  columnar  elements,  whose  nucleus  18  situated  low  down  in  the  body, 
and  which  are  but  very  slightly  coloured  by  carmine.  They  are  unlike 
the  content«  of  the  fidhcles  of  Urherhthir  soon  to  he  de*icril>ed. 


FI^,47il_Vri7  ilriiiMvilliiaft^n 
III  a  kW,  ksllf^rt  Willi**  ruf  «i. 
wltlifKiit  c^i lit h«l Inns,  ind  tlifn^  . 
«Ht  ve*ail  Id  (he  ttntfi  tÜtuX  v>  i*  n 


-*-^ 


fff,  iTT^—Bnmm't  KlAnd*  froni  the  diKKlennm.    «,  Tim;  h,  bodies  «f  fliadtf 
i;«i«niarj  e«n»U«ptnlDg  between  t^beTtlLL 

That  Siime  net\^orlt  of  extremely  delicate  gland   canal iruH  we  have 

already  spoken  of  as  occurring  in  many  mceraoao  organs  (§  195X  »a  well 

II ^*  in  the  salivary  glands  (|  *J45)»  i a  to  be  found  also  in  the  glands  of 

Hrtnt}}a\  accord imi  to  Srhmdh*.     The  inenibrana  propria,  w^hirH  is  hi^n* 

32 
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ßompletelj  closed,  and  coEtatns  imbedded  nmld^  aeuda  no  pzooeaaes  ink) 
the  interior  of  the  gland  vehicle«». 


Ftc,  47ft.— One  cif  Bmnmer^t  glaodi  tHim  tb«  humm  t 

These  OTgans  appear  to  Tie  richly  etipplied  with  lymphatic  TSiaeJs  of 
large  size,  which  penetrate  between  their  vealcles  and  lobules. 

The  secretion  of  these  glands  appeur«  to  be  peculiar.  According  to 
Sehwalhfff  the  contents  manifest  cnnsiderable  similarity  to  tho^  of  tha 
stomachal  mucous  glands  already  alluded  to  (§  251).  Heidenh*jtu  tell« 
us  that  in  the  dog,  at  least»  the  ceUular  elements 
of  BrunnpJM  glands  present  the  same  change«  in 
the  faüting  and  digesting  condition  that  were 
observed  by  EMmti^  in  those  of  the  «tomachal 
mucous  membrane. 

According  to  Budge  and  Kroime,  tha  contenla 
of  these  organs  convert  (in  the  pig)  s lurch  into 
dextrin  and  grape  sugar»  and  dissolve  fibrin  at  35^ 
J  .       c         C,  but  Imye  no  effect,  on  the  other  hand»  on  either 

[  f       I         tioagoIatS  albumen  or  fat    In  the  dog  and  horse 

I  [  the  secretion   is  rather  viscid,  and  oontaina  m 

\    \    \       \        considerable  amount  of  mucus  (Cosfa), 
Ijum  \        ]  The  crypts  of  Lielerkühnt  oo  the  other  hand, 

■H  I       \,       are  glands  of  far  greater  importance.      They  are 
^^flk  \^    )      to  a  certain  extent  &  modified  extension  of  the 
'^H  mucous  glands,  as  they  are  called^  of  the  stomach. 

^  The  whole  of  the  mncons  membrane  of  the 

small  intestine^  like  that  of  the  stomach,  is  beeet 
with  an  enormous  number  of  these  crypts  crowded 
closely  together  prpendicular  to  the  surface  of  the  membrane  (fig,  479). 
The  airangement  of  their  vascular  supply  is  similar  to  that  of  the  peptic 
glands. 

The  length  of  theao  crypts  is  less  than  that  of  the  gastric  tubuM,  ranging 
from  0*3767  to  0^4512  mm,,  with  a  breadth  of  0-0564-OXi9O2  mm. 
Their  membrana  propria  is  hardly  distinguish  able  from  the  surrounding 
connectivetisaue.  It  is  delieatc,  and  the  outline  of  the  tube  is  conse- 
quently smooth.  At  it8  blind  end  w©  may  either  Und  a  dilatation  or 
decrease  in  calibre. 


itam  Oio  rifct,   wirh  bfvkvn 
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FMf*  4ftO.— c3!*rilrn;ii  i*f  tin«  elmuW 
q!  liU^^eri^Am  in  the  motuiR.  At 
(a)  ma  nftipity  npfriihitr.  in  the 
flthw  eaiMSi  e^cU  In  ryted  wMli 
eoinmn^r  (viii>  itl«c«d  wlrh 
their  loDS   ftxli  lowftrd«   th« 


The  Cöiiteats  of  these  crypts,  unlike  those  of  ^rw^wt^rV  gkntis»  conabt  of 
delicite  colttronar  nucleated  celb^  with  wui*ined 
has«!  which  rest  on  the  membmna  prt:ipria* 
Thete»  together  with  the  i>pen  axial  canal,  iiiiiy 
be  seen  in  every  traoavetse  section  (fig.  470, 
ti).  According  to  Schul Zif^j  between  thcäe  cells 
other  goblel  celb  may  present  themselves^  a 
point  wortliy  of  note. 

In  suitable  preparations!  {Hg,  4«f))  the  orificfü 
of  the  glamla  are  to  he  seen  at  varying  djs- 
tanceö  from  one  another,  lined  with  columnar 
epithelium,  which  jjassei  in  through  th©  en- 
trance of  the  tube.  At  those  points  at  which 
the  villi  are  very  crowded,  the  orifices  of  these 
glands  of  LicbeMhn  surround  their  baseain  ringn. 

5  256. 

Wo  BOW  turn,  finally,  to  the  hjmphokl  folUdm  of  the  small  iutestine. 
These  occar  with  greater  frequency  liere  than  in  the  stomach,  which  fact 
is  explained  by  the  greater  similarity  of  thoir 
tissue  to  thai  of  the  mucosa  of  the  small  in^ 
testin e.  As  has  been  already  mentioned, 
they  are  in  the  ürst  place  met  with  scatter  et  I 

eer  the  whole  length  of  llio  small  intestine 
glaivluhti  Kiditftritr.     These  aro  roundish, 
opaque,  white  bodies  of  very  unequal  sijie, 
ranging  from  0"2  to  04  and  2  2  mm.     In      ng.«!.— ..,„,. /.k-  ^"^---  —  11 
some  subject**  they  ai-tj  very  si:antily  reprc-  iiic  rttirti. 

lented,  or  even  entirely  absent,  while  in  other  cases  they  appear  in  mul* 
titude«.  In  situation  and  siructure  they  corri  spond  with  the  agminated 
glands  into  which  they  may  mer*j[e  without  any  sharp  boundttry.  At  parts 
of  their  periphery  ihey  are  continuous  with  11  e  circumjacent  connective* 
tissue. 

By  the  agraination  of  these  follicles  it  is  that  Fei/fr*^  paicitm  or  plaqiit^« 
are  formed  (liga,  481,  482)^ 
which  occur  in  man,  as  in 
id  I  mammalia,  in  the  greatest 
ttbundance,  but  in  very 
various  degrees  of  develop* 
inent.  In  some  cases  they 
are  made  up  of  from  3  to  7 
follicles  onlvt  but  more  fre- 
quently of  from  20  to  30. 
Again,  when  large,  thej  may 
contain  up  to  50  or  60  of     i*      ^jr  /^ 

the  hitter.  r/ 

Peyer*ii  patches  are  found 
principally  in  the  small 
intestines,  and  always  at  the 
free  side,  or  that  ojiposite  to  the  mesenteric  attuchment  of  the  viseus.  They 
appear,  as  a  rule,  tiret  at  th(>  end  of  the  jejumini,  and  become  more 
frequent  in  the  ileum. 

But  although  this  is  the  usual  mode  of  distribution,  it  is  not  without 


PKt,  4flS.— V^rflriU  «ctTna  thmiis^h  mn  of  P*lfrr'i  plwidi 
frmn  ilie  r*kt>bttt    a,  %'\ltlz  K  1}ntll<ri  nf  flAJili  rounded  Gil 
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exceptioiiÄ,  especially  ia  the  oc^jurrence  of  isolated  Pef/er's  gknds  in  the 
colon. 

The  vermiform  appendix  of  man,  aüd  to  a  greater  extent  sIbq  thai  of 
the  rabbi tj  raay  likewise  be  aaid  to  be  one  large  Peye/s  gland,  oompoeed 
of  crowded  folllclea  {TeicJtnmnn,  liis^  P^^!/}' 

The  number  of  these  agminated  gkods  to  ha  fonod  in  the  human  small 
intestine  varies  from  1 5  to  CO  and  upwards.  The  dinmeter  of  auch  a  group 
cannot,  of  eotiti^j  be  delinitely  laid  down,  varying,  as  it  does,  from  7  miD» 
to  several  centimetres.  The  form  they  assume  is  usually  oral,  their  long 
axis  corresponding  with  that  of  tbe  infceatme. 

8uhje<itLng  the  (/landuhB  afjmlnaim  to  close  inspection,  we  fiud  In 
longitudinal  sections  that,  although  the  form  of  the  foUiclea  may  be 
eimilar  in  one  and  the  same  group,  nevertheless  it  is  liable  to  vary  to  n 
krge  extent,  both  in  diiferent  animals,  and  according  to  tlie  locality  in 
the  intestiuo  we  choose  for  examination. 

Beside  spheroidal  follielesp  namely  {tig.  483),  we  meet  with  others  mom 
or  less  elongated,  presenting  somewhat  the  figure  of  strawberriea.  But  in 
other  instances  the  folliclefi  may  he  so  mereased  in  vertical  diatneter  as  to 
presenb  on  section  an  outline  resemblbig  thai  of  the  sole  of  a  shoe.     Id 


/  -• 


Flf,  < 93,— Vertical  Mnntinn  fsf  one  of  Ptfrt^^*  fJaqnefl  fmm  min,  tojectrd  thrntt^ti  1»  lymphitk  e<ui*_ 
II,  rllll,  with  their  fhyU.  phKHf^tn;  K  fnlttck«  tii  fJibtrMhmi  c,  mattuHTit  of  tbe  mniHjrim  lORtaltrinfl'll 
rf.  LTijinlRttrftp?*  of  follSclp^:  e^  trcmIaI  zone  of  fdUkl«!  /  buc  of  folUcl«,*  jr,  point»  of  fi.it  ol  ih« 
cJiyle  puiMjr«  from  th«  viUL  and  en(r*nce  into  the  true  mudoiii  ini'nibiiincj    h,  rutlf- 
mmt  of  th(!^  lynipbtltiü}  In  the  muRtal  koho;   i  ^aarse  of  the  hittiimt  thebui»e«f  tli 
pnnfjn^nce  of  the  t^mptiBtlci  ojjening  Into  the  ti*(wl''J]i  cf  thu  HiibiiuKOüt  tlnsiie;  /,  füllkn  t 

thfi  latt«r. 

man  they  are  usually  of  the  spheroidal  kind  j  in  the  small  intestine  of 
tiie  nibbit  strawberry  shaped.  Those  very  much  elongated  examples  just 
mentionetl  are  to  he  found  chiefly  in  the  under  portion  of  the  ileum  of 
the  ox  and  vermiform  appendix  of  the  rabbit» 

The  follicle,  however,  may  be  of  what  shape  it  will,  we  can  always  j 
distinguish  three  portions  in  it,  namelj^  the  summit  or  ritpfihi^  the  fnr^r, 
zmw,  and  the  hojic.     The  cupola  (d)  projects  into  the  intefitiual  tube  j 
the  hjise  (/)  descends  to  a  greater  or  less  depth  intj^  the  submucous 
connective-tissue ;  and  the  mesial  »one  {e}  serves  to  ronneet  together  aU 
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Fiff,  484t — Fmns  the  flUrfkce  of  »he  pt^ 
ennn  utrmif^mi*  of  rb«  mtiblt.  «i. 
nimw«d  enitr;  Ig  the  eitp^l«.  tif  a  fair 
llcl*;  &,  niDDttii  Df  ciypu  jti  th«  bmiut 
rlUice  (if  irvnc0Ui  laeitibnii^L  e,  hnrk 
xonul  lintiiiihiilc  network  i  41,  Aeaccad- 


tito  folUclea  of  one  gknd  hy  mmns  of  a  tissue  entirely  similar  to  their 
own.  It  is  also  continuouö^  withoat  any  line  of  denmrcatioa,  with  the 
adjacent  infiltrated  retiform  Umm*  It  m  at  its  level  that  we  neuaUy  find 
the  fnusciilafifi  mmo^w  {c}  which  opens  in  each  ease  to  allow  room  for 
the  follicles  {Frer^y 

We  must  now  turn  to  the  nearer  consideration  of  tlie  cupohe.  These 
are  surrounded  by  annular  riJges  of  mu- 
cous memhrane,  containing  foUicles  of  Ue- 
ftrrkithn  (6),  and  are  contliiuoua  down- 
wards into  the  medial  zones,  supporting  on 
their  free  surface^  either  ordinary  or,  what 
is  more  frequently  the  case,  somewhat 
||DodiÜed  irregular  villi  (a).  'Die  actual 
immits  of  the  follicles,  however,  are  qutto 
destitute  of  villi.  They  are,  in  fact^  so 
freely  eafpo^iul  that  each  Ijmph  foUiclt? 
appears  to  the  naked  eye  as  a  little  pit 
on  tlie  surface  of  the  plaque. 

The  ridge«  around  the  follicles  may, 
however,  as  in  the  plaques  of  the  colon, 
lie  e|uite  hare  of  villi.  In  t\w  proa'ssua 
I'emii/omiU  of  the  rabbit,  also,  tJie  surface»  of  the  rings  may  be  increase!  1 
greatly  in  breadth  {Hg*  484,  %  so  that  only  a  narrovv  entrance  (a)  to  the 
follicles  is  left. 

IS  we  turn  now  to  tlio  finer  structure  of  the  elements  of  Pmjer^s  patclict?, 
wc  find  it  to  he  exactly 
that  of  other  lymphoid 
follicles*  Their  sustenta- 
cular  tissue  is  a  species  of 
retiforni  connective  sub- 
stance, traversed  by  capil- 
laries in  which  innumer- 
uble  lymph  cells  are 
entangled  (pp,  195  ami 
420),  Many  of  the  nodal 
points  in  this  network 
contain  in  young  indivi- 
duala  fuU-bi>died  nuclei, 
met  with  in  adults,  on  the 
other  hand^  In  a  shrunken 
condition.  At  tlie  mesial 
£one  this  reticular  tissue 
ia  continuous  with  the  similarly  constituted  connecting  lymphoid  lay  er  ^ 
and  through  this  with  the  closely  related  tissue  of  the  mucous  membrana 

The  sustentacular  matter  in  the  interior  of  the  follicles  is  very  loosely 
interwoven,  while  externally  it  assumes  a  denser  texture. 

At  two  s[K)ts  it  becomes  exceedingly  densely  reticulated  and  distinct ; 
in  the  first  place  on  the  surface  of  the  cupola^  which  \^^  like  the  villi« 
covered  immediately  by  columnar  epithelium^  and  then  at  the  peripheral 
portion  of  the  base.  This  latter  in  some  of  Pei/e/s  glands  is  surrounded 
by  a  continuous  investing  space,  which  corresponds  to  the  investing 
spaces  of  the  lymphatic  glands  (§  223).  In  many  animals  the  FCficm- 
blance  is  increased  by  the  interposition  of  perpendicular  fibrous  septa 


HjC,  4S5^~Vt'<ri  teal  «^ctf^n  throuji^h  in  InjMt^A  /Vyer>  follfda 
of  the  fAbblt,  kliowln,?  the  ppipDIary  iietiforlt  o|  ib«  Hiopi  the 
Urir«  lAtermt  tcudi^  th,  uiil  ttitfie  üf  the  vtUJ«  & 
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between  adjacent  iniresting  spaces,  wliieh  ,arö  lost  at  tliö  kvöl  of  the 
meaial  2011  e. 

In  other  plaques,  inetcad  of  these  continuoTJA  inTeating  spaces»  the 
surface  of  the  base  is  covered  by  numerous  fine  Ijmphatic  canals,  like  a 

child*s  toy  ball  with  a  net 
,♦  In    the    connecting   lajer, 

between  the  mesial  £ones,  a 
network  of  similar  pasaage« 
may  likewise  be  i«c<»g 
niaed. 

The  waUs  of  these  pas- 
sag<?3,  then,  are  made  up  of 
vefy  small -meshed  lyni- 
pboid  reticular  substance. 

In  the  actual  foUicltaä 
themselves,  however,  no 
such  passages  exist 

We  have  only  to  add,  that 
the  superficial  lymphatic 
canals  of  the  mucou«  mein* 
brane,  of  the  smooth  aj* 
well  as  villous  annular 
ridges,  all  sink  down  to 
empty  themselves  into  thesu 
lymph  passages  of  the  con- 
necting  layer  already  tneu- 
tioned ;  also  that,  at  lvsi%U 
a  part  of  the  invt*-?imj,^ 
spaces  around  the  follicles 
is  clothed  with  the  charactenBtic  vascular  epithelium  of  the  lymphatic 
system  (p.  37  T). 

The  vascular  supply  of  each  follicle  is  composed  (as  was  demonatrated 
many  yeara  ago  by  myself)  of  an  exceedingly  complex  network  of  delicato 
capillaries,  from  about  0'0056  to  0'0074  mm.  in  diauieter.  This  network 
(fig.  485,  a)  stands  in  close  connection  with  the  large  arterial  and  venous 
vessels  (6),  which  course  up  and  down  hetween  the  foUicIefi  supplying  tb» 
vilH  (e)  of  the  intestine,  as  may  he  seen  in  vertical  sections.  In  tmna^ 
verse  sections  the  arrangement  of  the  capillariea  in  the  interior  of  the 
follicles  is  seen  to  be  in  lines  converging  towards  the  centre  (a),  staj^ting 
from  circular  vessels  externally — an  object  of  extreme  beauty  under  the 
microscope. 

§  ^5L 

The  fiervous  apparatus  of  the  small  intestine  is  exceedingly  ootupK* 
cated^  deriving  its  roots  from  the  ventml  divisions  of  the  Vfigna  and 
sympathetic»  It  consist's  of  a  douhlo  plexus  of  microscopic  ganglia  con- 
nected  above  with  the  nerv^es  interlacing  in  the  walla  of  the  stomaclL 

In  the  submucosti  we  first  meet  with  the  ph^xu^  of  Hemak  and  Metstnier^ 
wmarkable  for  its  highly  developed  knots.  From  this  pale  nueleaVed 
fibres  are  given  oil,  principally  to  the  muscularis  of  the  mucous  mem- 
brane, and  muscular  bundles  in  the  villi,  and  to  a  minor  extent  to  tho 
surface  of  the  membrane  as  sensory  element«L  We  are  still  lacking  la 
fibservatioue  on  these  points,  however. 


Ihr*«  of  Ptjfpr'a  tollidci  fMun  ;}ie  »bbit.     a,  caplJUty  npt- 
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Externally  this  suljmücous  plexus  is  connected  with  the  remarkable 
oiul  üO  iefis  developed  plexus  mi/eniericus  of  Aum-haeh.  The  latti*r,  with 
its  T^gokrly  flattened  ramificatioDs,  but  more  minute  ganglia,  is  situated 
between  the  internal  traßsveiBe  and  external  longitudinal  mu&cular  tunic 
of  the  gut  Theae  it  supplies 
with  it0  nnmeTous  twigs^ 
'  forming  first  a  secondaiy 
I>lexus  of  tliread^,  0*001- 
0'005  mm.  in  thickness,  each 
of  whieh  poaaeaae^  from  3 
to  6  of  the  tin  est  nervous 
filaments  {U  Gtrlaehj^  leav- 
ing no  doubt  as  to  the  motor 
nature  of  the  latter,  although 
we  are  still  in  the  dark  as  to 
(the  ultimate  termination  of 
the  fibres.  * 

We  may  form  some  esti* 
mate  of  the  extent  to  which 
the  nervous  system  of  the  in- 
nes  is  developed,  fiom  the 
\  that  about  100  ganglia, 
belonging  to  the  submucous, 
and  over  2000  to  the  myen- 
teric ploxus,  are  to  be  found 
in  1  □'  of  the  intestine  of  the  rabbit. 

Tht  following  is  t\w  general  arrangement  of  the  mMeU  of  the  iuteatme, 

(Jn  arriving  in  the  walls  of  the  latter^  a  few  small  twigs  are  given  oft 


Flff,  4flT,-^A  jtnii^lloii  from  the  intiinti^nai  tt»B«  Of  i 
InimACi  in  rant,  a,  iiervou«  kuotj  A,  rkdbiUjiK  twl^;  c, 
captlL^ry  network. 


Fig,  46Bk — Tftfta  tht  tmmll  Intestine  iif  Ihe  Guln««'ii)(r<    «^  f  J^^rut  mwntta^tvik  wtlh  lift 

to  the  eetons  coverinsi  of  the  part^  after  which  the  vessels  break  up  in  the 
muficnlar  tunic»  into  the  usual  well-known  capillary  network  with  elongated 
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meshea,  wliose  long  axes  correspond  with  that  of  the  contractile  elements. 
The  Bubmucosa  is  from  this  stipplitid  further  mill  anotlicr  network  of 
f:apillary  tuhea  of  somewhat  greater  ealibi-e  than  the  iimt  {Frey). 

The  chief  supply»  however,  b  to  the  nmcous  membrane  jtöelf*  Ht-*rt? 
arterial  twi<js  arriving  at  the  bases  of  the  crypts  of  Lkherkühn  gradually 
break  up  iitlo  networks  of  eapiJJanes  cif  uiedimii  calibre,  with  oblong' 
meshes,  t^itniJiir  to  thoee  of  the  pepliL-  glands.  These  are  disposed,  in  thw 
lirst  place,  around  the  moiithe  of  the  glands  in  delicate  rings,  aod  the« 
eontinueil  into  the  mesh-work  of  tho  villi.  The  veins  arising  in  tJte 
latter,  with  which  w^  are  already  atiquainted^  descend  directly  downwards* 
through  tho  mucous  membrane,  receiving  but  few  lateral  twig$,  and 
tjmpty  themselves  into  the  submucous  venoua  network. 

The  presence  of  racemos«  glands  and  lymphoid  follicles  nocessiUtes,  in 
many  parts  of  the  intestinal  tract,  a  modification  of  this  vascular  arrango- 
ment.  The  well-known  round-meshed  network,  fSr  instance^  m  mot  with 
arounil  Bntnner^s  glands  in  the  duodenum.  Then  Peyer'^  patches  require 
a  more  highly  developed  vascular  eysteim  Here  •kittle  arteries  ascend, 
either  in  the  septa,  or  the  connecting  or  junction  layer  of  the  follicles, 
after  sending  oft*  twip  for  the  fundus  of  each  of  the  latter,  as  weU  äs  for 
their  eide«-  Thus  they  reach  and  break  up  into  the  terminal  capiHary 
network  of  the  ridges  and  intestinal  villi.  From  thence  tlic  blood  is 
taken  iq*  by  lateml  branches  of  the  veins  arising  here,  which  descend  hy 
til©  side  of  the  arteries,  receiving  also  an  addition  from  the  fallicles. 

$  258. 

Through  the  exertions  of  Ti^khmnnn^  Jlh^  Freijt  and  Atiet^ch^  we 
have  recently  become  accurately  acquainted  with  the  uatur©  of  the 
Itftnplmiic  iqi^trafiiS  of  the  small  intestine.  This  is  from  many  poinls 
of  view  of  great  interest 

Its  roots  have  two  sources :  in  the  ürat  place,  the  mucous  membrane 
with  its  villi  ^  and  then  the  niustrular  t^oats  of  the  intestine.  The  Inet 
source  was  only  lately  discovered  by  A  uerhach,  while  the  first  has  long 
been  known»  owing  to  the  fact  of  the  vessels  here  being  so  distinctly 
visible  when  full  of  chyle* 

A  few  hours  after  the  reception  of  fatty  food  into  the  etomach,  tl»e 
matters  found  in  the  small  intestine  are  found  to  contain  neutral  fats  in 
a  condition  of  the  most  minute  division,  a  physical  change  brought  about 
hy  the  admixture  with  them  of  the  bile  and  secretions  of  the  pancreaa J 
and  mucous  meuibrane  of  the  intestinal  tubes*  The  fats  are  now  in  A I 
conditio» n  capable  of  bfing  absorbed,  and  they  are  soon  taken  up  in  br^© 
quantities.  In  tliis  last  process  the  villi  are  especiaUy  active,  if  not 
exclufiiveiy  so,  and  principally  their  apices. 

The  commencement  of  the  process  is  as  follow«  t  The  fatty  gl obitlea 
in  the  form  of  extremely  minute  particles  of  from  0-0045  to  0-0011  mm* 
in  diameter,  after  passing  through  the  thickened  porous  border  on  th*j 
epithelial  cells,  arrive  within  the  bodies  of  the  latten  At  first  only  a 
few  cell»  iiTQ  seen  to  be  tilled  in  this  manner,  the  fatty  granules  occupy- 
ing principally  that  portion  of  the  cell  hetwcon  the  nucleus  and  the  free 
end.  The  number  of  cells,  however,  presenting  this  fatty  infiltration 
soon  becomes  greater  and  greater^  and  the  fat-molecules  penetrate  pai^t 
the  nueleuB  into  the  pointed  and  attached  half  of  the  coluraoar  ek^ments. 
In  the  further  progress  of  this  process  the  granules  of  fat  pass  through 
the  apices  of  the  cells  into  the  tissue  of  the  mucous  membrane  beneath, 
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either  fiiling  the  whole  apex  of  the  villus  in  such  m^riaÜB  as  to  give  it 
the  appearance  of  being  diflusely  jjifiltniteU,  or  t^lse  rangiug  themselves  in 
long  streaks,  which  luay  bo  ouslukeii  for  fine  mnals  cliarged  with  fatty 
gtobule^a,  as  they  course  along  bütweeu  tho  lymph  cells  aud  connective- 
tissue  Ghrm.  la  the  third  stage  of  the  prucesa  ^ve  remark  that  the 
minute  fatty  molecules  have  penetmted  tli  rough  the  walls  of  the  eh^^le 
radical  iuto  its  lumeo,  entirely  tillLng  the  latter^  so  that  this  cleuiäut  of  the 
intestinal  villus,  at  other  times  ao  difficult  of  detection^  becomes  dis- 
tinctly visible,  as  has  been  already  mentioned*  The  concluding  phase  of 
the  whole  act  is  esspecially  instructive  ;  Injre  w**  see  the  columnar  epithe- 
lial cells  and  tissue  of  the  mueous  meijibrane  again  freed  of  fat,  while  Urn 
chyle  vessel  is  still  full  (fig.  476,  p.  487), 

That  this  is  the  true  course  of  the  process  may  V»e  confirmed  by  artiJicial 
injection  of  the  lympliÄtic  canab  in  the  mucoiui  membmne  of  the  amatl 
iuteatine. 

The  nidicles  of  the  chyle  or  lacteal  system  (fig.  489)  are  easily  recog- 
niäed  in  the  villi  of  the  gut  as  blind  canals,  which  in  our  opinion  (in 
which  we  are  supported  by  Tcichrmmn  and  Hu)^  are  not  cnntiDUona  with 
the  oetuol  tissue  of  the  villus*  A  ccordiiig  to  the  form  of  the  latter,  they 
prtssent  themsclvea  either  «ingle  {tt)  or  ilouhle  {J})^  or  even  in  greater 
number  (^},  In  the  last  case  we  either  find  a  looped  communication 
between  them  in  the  apices  of  the  villi,  or  the  vessels  end  separately. 
Towardä  the  roots  of  the  villi  we  not  unfrequently  encounter  transversa 
connecting  branches. 

On  arriving  in  the  mucous  membrane  after  leaving  the  villi,  the  lacteal 

[vi^ssek  descend  through  the  former  between  the  follicles  of  Lwherkuht, 
lither  directly  or  aubäequent  to  the  formation  of  a  superlieial  hoFizontal 
: 

Fie.  4fl9. — VerltevJ  i««tloa  ot  th«  hoiiuin  tli^ntn.    a,  vinai.  uriih  nno  «h^lfi  rafiAT;  ^  ftnothef 
wiih  two;  ff  Auotfier  wUh  tliree;  <t  nttsuTbeDt  catijuj  In  iho  intiouut  lUtstDbrviu* 

network,  which  lies  at  the  bases  of  the  villi,  and  encircles  with  its  meshe^i 
the  mouths  of  these  glands  of  Lkbtrli4Jin. 

At  the  boundary  between  the  nuicotia  and  submucosa,  and  in  the 
latter,  a  network  (d)  is  formed  by  the  intercommunication  of  these  chyle 
canals.  These  latter  may  be  of  coiislderable  calibre,  as  in  the  sheep  and 
rabbit,  or  small,  as  in  man  and  the  calf.  They  accompany  the  network 
t\(  blood-vessels  also  here,  and  in  some  caies  Ibrm  slieaths  araund  the 
latter.  As  a  whole,  moreover,  much  variety  is  met  with  among  them» 
depending  on  the  thickntss  of  the  mucous  membrane  and  species  of  animal 
chosen  for  observation. 
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The  armngement  of  the  lactealB  m  müdified  whei^yer  Fcj^e/a  plaques 
ooeur  (fig.  490),  Those  lympli&tic  paasagea  («),  returniiig  fiom  tli« 
modified  tIUI  of  the  eirctilar  ridges  of  these  localities,  form  aromid 
the  tubular  glanda  (&)  of  the  viiloua  ridge«  a  network  (*/),  which  b 
coatiauoiis  with  another  system  of  intercommunicating  passages  (A) 
formed  iu  the  reticular  sul>atance  encircling  the  mesial  zgti^  of  the 
foilieles.  The  latter  open  either  into  simple  investing  spaces  enveloping 
the  basal  portions  of  the  follicles,  and  precisely  simikr  to  %hm»  of  thu 
follicles  in  a  lymph  gland  (in  the  rabbit,  sheep^  and  calf  for  instftiice),  or 
(the  case  iti  man,  the  dog^  and  cat)  these  spaces  are  rephced  by  a  systeiu 
of  separate  canals  (/),  interlacing  around  the  bases  of  the  foUJelos  like 
those  we  have  abeady  considered  in  §  227, 

JTrom  this  set  of  passages,^  or  from  the  simple  inresting  space^  as  th« 
ease  may  be,  the  eierent  lymph  vessels  tinally  take  their  rise. 

Beturning  now  to  the  syitem  of  canals  of  the  submucous  tissusj  we 


I; 


i-  i' 
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find  spntiging  from  It  a  certaiE  mimbcr  of  re^iUr  knotted  traiplasfio 
vessels,  ^vhich  empty  themaelve«,  after  piercing  the  walls  of  tho  tnUt^wt, 
into  the  subserous  lymphatic  trunks.  These  latter  are  arrangeil  in  a 
narrow  band  following  the  meaeiiteric  attachment  of  the  gut  (Aufrf^f^h), 

Tho  submucous  lacteal  network  communicat-es,  moreover,  by  mean«  of 
another  set  of  passages  Mdth  a  second  plexus  of  Ij^mphatic  vessels  lyhiß 
between  the  longitudinal  and  transverse  layers  of  muscle  of  the  part 
This  füg,  488j  p.  ^n3),  to  which  the  name  interlaminar  netirork  has  been 
given  by  Auerbach^  accompanies  the  plexus  myentericns  pituat«d  hens 
also,  with  which  we  are  alreai^y  anquainted.  It  collects  all  the  lymph 
from  the  muscular  ßubstance  of  the  intestinal  tube,  from  a  series  of  very 
densely  reticulated  lymph  canals  of  exceedingly  small  calibre,  which  am 
fotmd  singly  in  the  longitudinal  tunic,  but  bedded  one  over  the  other  in 
the  transverse  layer.  This  interlarainar  lymph  net  is  connected  finally 
ivith  the  suhserons  trunks  by  efferent  vessels. 

In  this  complex  arrangement  there  ia  most  undoubtedly  a  double  pfo- 


DEQANB  OF  THE  BODY- 


497 


TiBion  made  for  tlie  escape  ot  the  cliyle,  aa  Auerhfich  veiy  correctly 
ranmrks,  aiid  daring  the  peristaltic  action  of  tlie  bowel,  also,  the  latter  fluid 
is  able  on  this  acc4>unt  to  give  way  to  tbe  pressure  in  many  directiona. 

Iti  ciiriclusion,  we  imve  only  to  state,  as  regaixiä  the  deveiapmeni  of  the 
BmaU  iutestiue,  tbat  in  man  the  villi  make  their  appearance  in  tbe  third 
month  of  intra-uterino  life.  They  are  then  apparent  m  wart-like  excres- 
cences. Further,  we  would  point  to  the  fact,  that  the  crypta  of  Lkiterkuhnt 
unlike  tUo  gastric  tubuU,  are  present  from  the  commeuLement  as  pita  in 
tbe  luuüosiv,  and  that  the  follicular  structure  of  Fet/er^g  glands  b  apparent 
ill  tbe  seventh  mouth.  The  cells  of  the  intestinal  muuous  juembrane, 
and  of  Lkb^käfin*s  foUides,  contain  glycogen  in  the  fojtus  (Romjd), 

§259. 

The  mucous  membnue  of  tbe  colon  corresponds  in  most  essential 
purticukrs  with  that  of  tlie  small  bow«],  except  that  it  is  quite  destitute 


"4il,^TulHLltir  f]iit}^s   frani    the 
ntiMt'a  colon,    ün«*  *iilM»  flilwl  with 

tbMTL 


Rc.49?^TtitruIiiTff1' 
plfT.     At  d,  %■  ttilti 

«ftt.Mf'Inff  thrifiii^lt  » 
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of  those  iniportant  up|*endagea  tbe  vüli.     lis  Bubatratum,  also,  ia  far  poorer 
in  lymph  cells  than  that  of  th«  sinaM  intestine, 
and  approaches  more  in  character  tr»  nrdiniu-y 
Ebroas  coiinectLve4iasue. 

The  epitbelium  consiats  of  columnar  celle 
6tmilar  to  thoae  of  the  ileum,  but  lacking  pores 
ill  the  but  slightly  thickened  border.  Goblet 
ceUa  are  also  met  with  here  (tSchtiht). 

llM  muscular  tunic  resembles  that  of  the 
mucosa  of  the  slouiiicb  (§  25 1)^  and  exhibits 
tbe  same  variety  in  tbe  rsktive  development  of 
ha  two  layers  {Sehiüariz,  Ldpt^tj).  Inibeilded 
in  it  we  find  a  great  mini  her  of  tubular  j^dand.s, 
the  ttdndi  of  the  oAtm^  and  a  variable  number 
of  hjmphoid  /olUchs  like  those  already  met 
with  in  the  small  intestine^ 

The  tubuli  of  the  colon  (fig,  49 1 )  are  merely 
luiHlifi cations  of  the  follicles  of  Lkh^rkähn  from 
^hich  tbey  are  graiiually  developed. 

Thajf  present  themselves  in  tbe  form  of 
simple  undivided  tube«  with  tolerably  smooth  and  «ven  walk,  and  a 


fill.  4B3.— Tubuli  from  the  caloa 
or    the   mbbl^    li«al«d   wllb 
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bnglh  wliieh  \^es  between  0-4512  and  0*5640   mm.  and  mpwaids, 

the  tranöverae  diameler  lyiog  betvvet^u  0'0902  and  0rl505  mm.     Mo 
över^  they  are  juet  urn  crowded  aa  tlio  gäÄtrie  and  jejunal  tubulin  and  i 
fomid  iu  every  part  of  the  large  intestine,  includmg  the  procesaus  vermi- 
füFinia, 

They  contain  a  viscid,  and  at  ihnts  eoiuewhat  fatty  masB  (fig.  491  ami 
492,  b)j  eonaisttng  of  nudeate^.!  ^daiid  celk  (measuring 0  01 5 1-0 '0226  nun.) 
made  up  of  granular  protoplasm.    These  present  the  appearance  when  seen 
on  the  gurface  of  flattened  epithelium»  from  the  fact  of  their  being  aceommiJ- 
dated  to  one  another,  but  are  found  on  section  of  the  gland  to  be  columnar, 
^^^^^^^^^         Hero    also    goblet    cells    may   be   encouni^redj 
mT^I^^^^^^       (Scr^/i/^).    Tiie  moutlis  of  theje  gknds  are  of  lis« I 
^H|^^^^Hh^     ordinary    kind,    lined   with  columnar  epithelial 
^^^^H^^^^^M     cells  converging  UiwanU  the  lumen  (tig.  494), 
V^^^^Hh^^^^  Tlie  If/nijfhoi'd  foUklm  are,  as  a  rule,  larger  J 

^^^B^^f^  than  thusis  of  tlie  EmaU  intestine^     Their  cufiolaj^ 

^^  ]»roject  frotn   deprefiaions  in  the  mucous  meni- 

branc. 

We  havü  already  remarked  that  their  being  ' 
crowded   together,  in    the   vermiß trm  appmdm 
of  the  human  being,  lends  to  tlie  latter  organ  a  most  peculiar  appeitaiieo 
(S2Ö5),  **  "^"^ 

The  vasciäar  appamUti  of  the  nnicous  membnuie  of  the  colon  prettnlf  t 
the  same  arrangement  as  that  of  the  gastric  mucosa,  so  that  we  may  rate 
the  reader  to  fig,  4GG,  ( 

The  It/mphatte»  o(  the  mueous  membrane  of  the  colon  were  until  r^ffj 

recently  quite  unknown,  although  the 
well-known  network  af  the  subiiiuen*;i 
had  been  discovered  long  before.  AVe 
are  now  certain  of  their  e^tistenee  in  the 
mucous  membrane  of  phy  tophagoua  and 
earnivoroua  animals,  and  it  ia  highly 
probable  ihtii  they  are  not  abseni  in 


Fljf.  <*i,— lioiithi  of  tühumr 
ÜtUI^  frtHn  tlie  Crjinti  of  lite 

f«fit«iBent  nf  eoliiiiuimr  eeliA. 


Though  tlie  surface  of  the  colon  is,  a» 
a  ruJe,  quite  fimnoth*  wa  find  its  upper 
Iburth  in  ihe  rabbit  thickly  studded  with 
broad  pix>jeetioni  comparable  to  the  in- 
tuistinal  villi. 

Theee  papilhe,  however  (fig,  495)»  in 
contradistinction  to  Uit?  villi  of  the  small 
iiit.eatiue,  are  juet  u&  densely  crowde«! 
with  tubular  glands  as  the  other  par* 
lions  of  the  mucous  membrani?  of  the 
colon. 

In  the  axifd  portion  of  tliuee  pro- 
mjnenoes  one  or  more  blind  lymphatie 
T^dlcles  are  to  be  seen  (/,  g),  precißely  similar  to  thiise  of  th*^  smdi  intes- 
tine. Descending  perpendicularly,  and  twiued  alwut  by  a  vaÄcular  ncl- 
work  (fl-rf),  they  pass  into  the  hjose  mesh* work  of  the  submuccmA 
lymphatic  vessels.  In  other  animals  the  smooth  mucous  niembi«!]«  of 
the  colon  is  travorsed  partly  by  perpendiculur  ciecal  canals»  and  partly  by 
i  wide^meshed  net*work.     These  lymphatic  v&ssel«,  which  do  not  by  «ly 


Kijl  ilA. — P«|iillA  fröiD  Uli»  c-lfift  ö/  «  nkhWtt 
In  TFTtk!»!  HKTf  Idol  4.  arU-ilMl :  b,  ventnii 
tMi^  at  ihc  nibtnuecwAE  e,  fApiUurf  tttl- 
work  ;  4,  dcK«ndtn^  vfntrUAiwtj; ;  «,  hati- 
w^RUl  ifmT^h^tlc  v«iad:  en*li«-iithlinf  ma 
itU^i/,   Ijmnh  emsvä  In  the  ■xiA4  ^, 
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tncana  attain  the  same  degree  of  development  as  tlioso  of  i\m  mmll  intes- 
tine, have  been  traced  down  into  the  rectum. 

The  lyiDpliatic  apparatus,  on  the  other  hand,  attaini  iu  the  vermiform 
•'llppeTidix  of  man  the  luost  remarkable  degree  of  fFerfectjon,  us  was  Jirst 
ahown  by  TekJtmamK  The  external  ramifications  of  tbe  abfiurbunt 
vessels  in  the  walla  of  the  colon  presents  the  same  arrangement  as  in  th« 
amall  intestines,  and  the  same  complicated  distribution  m  evident  as  hi 
the  niuseular  tunic  of  tbe  latter. 

Tlie  ve)Tom  supphf  of  tiie  large  intestine  is  derived  from  a  wide- 
mesjied  fiubmueous  plexus  beset  with  ganglia.  The  plexus  nijentericus 
presents  the  same  peculiarities  here  as  in  the  jejunum  and  ileum. 

Ko  fitrther  reference  need  be  made  to  the  muacidar  and  serous  coats 
of  the  large  intestine. 

At  the  anus  the  columnar  epithelium  suddenly  eeaseSj  where  tho 
cjiidermial  cells  commence,  with  a  sharply  defined  line  of  separation* 

Close  to  the  termination  of  the  gut  below,  a  certain  admixture  of 
Yoluiitary  or  striped  muscle  fibre-s  presents  itself  among  the  unstriated 
dements  like  what  is  seen  in  the  cesophagus. 

The  mode  of  development  of  the  mucous  membrane  of  tbe  colon  is  the 
same  as  that  of  the  mucosa  of  the  stomach  {Kutihh:/'}, 

$  260. 

Xhö  physiological  signifit^anc©  of  the  cry]>ts  of  Lieherkuhn^  and  tubular 
glands  of  the  large  intestine,  is  still  a  point  of  considerable  obscurity. 

They  are,  however,  supposed  to  secrete  what  g<K!S  under  the  name  of 
tbe  intimst htal  juim  {mccu^s  eHltricus)^ — a  tluij  in  the  production  of  which 
tbe  glands  of  Bmmte}\  in  the  uppejf  portion  of  the  small  inte^tinej  niu^^t 
ulm  tidte  a  part.  The  secretion  requires  further  examination  before  wo 
can  pronounce  upon  ita  composition  with  any  certainty* 

By  a  very  ingenious  mode  of  procedure^  we  have  recently  learned  how 
lo  obtain  pure  intestinal  juice  from  thB  ^noi I  infestijw  of  dogs  {Thhy). 
This  is  then  found  to  be  a  thin,  strongly  alkidine  secretion  of  a  light  wino 
colour,  and  sp.  gr.  of  TO  1 25.  It  possesses  about  25  per  cent,  of  solid 
constituents,  of  which  nearly  *1'^  per  cent,  is  albumen,  and  0  3  per  cent, 
carbonate  of  sodium.  It  dissolves  jibrin  as  long  as  alkaline,  but  neither 
taw  flesh  nor  boiled  albumen  are  acted  on  by  it.  Moreover,  it  i^s  said 
neither  to  convert  starch  into  grape  sugiir,  nor  to  decompose  the  neutral 
fats.  This,  however,  is  denied  by  Eichhont^  as  regards  the  secretion  of 
the  small  intestine.  The  amount  of  this  ti^uid  poured  out  appears  to  be 
very  great. 

The  secretion  of  the  tubular  glamU  of  the  largo  intestine  has  also  an 
alkaline  reaction.  The  vermiform  appendix  is  nothing  but  one  largo 
absorbent  apparatus, 

§  2G1. 

The  panareas,  to  which  we  now  turn,  exhibits,  as  regards  its  structure, 
many  points  of  similarity  to  the  salivary  glands.  Its  vesicles  arc  roundish, 
mettsuring  O"0564-O'ODO2  in  diameter.  The  membrana  propria  is  «tudded 
over  at  certain  points  with  nuclei^  showing  that  here  also,  as  in  other 
kinds  of  racemose  glands,  the  construction,  probably,  out  of  tiat  stellate 
cells. 

The  investing  vascular  network  (tig.  496}  is  of  the  ordinary  round  form 
of  the  whole  of  this  group  of  oi^ns» 
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The  numerous  lymphatics  require  closer  attention  than  hos^  up  to  tbe 
present^  been  bestowed  upon  them. 

The  gland  TesicI^  of  the  pancreas  are  clothed  with  cubical  cella  la 
the  full-grown  rabbit  thege  present  in  their  inner  half,  or  th^it  n^xl  the 
1  amen  of  the  gland,  fatty  particles»  wliile  the  middle  portion  in  which  Iht 
nucleus  li&s,  and  external  to  the  latter,  is  clear. 

The  excretory  canals  possess  rather  thin  walls  without  muscular  de- 
ments, in  winch  are  eml>edded,  at  the  lower  portion,  a  number  of  smaU 
racemose  mucouB  glands  seated  in  tlie  mucosa. 

If  we  examine  closely  in  animals  the  clothing  of  columnar  cells,  we 
find  that  from  the  beginning  they  are  not  particularly  high.  But  in  the 
branches  they  decrease  more  and  more  in  length»  until,  finally,  in  the 
gland  vesicles  wo  meet  with  flattened  epithelium,  reminding  ua,  in  nmay 
respects,  of  vascular  endotheliura.  These  are  the  centro-acinal  cells  of 
wliich  we  have  already  spoken  in  considering  the  salivary  glands  (§  245), 
They  were  first  seen  here  by  Langerham. 

By  careful  injection  of  the  ex:cretory  canal-work,  the  same  system 
of  extremely  fine  secreting  tubules  may  be  brought  to  view  in  the 
pancreas  (fig.  297),  as  that  to  which  we  have  already  so  frequently  alluded 
{Langerharm^  Samuiti), 

Am  regards  the  nerves  nothing  certain  is  known.  According  to  Pßii^er 
their  mode  of  termination  is  the  same  as  iii  the  salivaTj  glands, 

llie  devricj/m^nt  of  iht 
pancreas  takes  place  vet; 
early  from  the  posteaiQ 
wall  of  the  duodenum  f 
the  form  of  a  small  sa 
cule  or  bud, 

As  far  as  the  composi- 
tion of  the  alkaline  react- 
ing tissue  of  the  gland 
is  concerned,  nothing 
known.  Its  ep,  gr.  u, ' 
according  to  Kratia^  aod 
Ff^hn\  I  'Ci4T-  A  senes 
of  vety  interesting  deeuui- 
position  product*,  how- 
ever, have  been  met  ^viih 
in  tlie  fiuid  saturating  the 
giant! ;  in  the  first  place 
leucin  iu  large  quiuit^ 
ties,  and  a  considembU' 
amount^  comparatively,  uf 
tyroain  ( Vtrckme,  Sffte- 
deler,  and  Freridi»)  ;  fur- 
ther, guanin  and  xajithin 
(Stherer),  sarkin  or  hypoxanthin  (Gonip)^  lactic  acid,  (tuid  in  the  ox) 
iuosite  (Bof^dcker  and  Umfter  Lane).  Among  these  leucin  (and  tyrosin  t) 
have  been  remarked  in  the  secretion  of  the  gland,  with  which  tiiey  find 
their  way  into  the  iotestinal  canal. 

In  a  state  of  rest,  or,  more  properly  speaking,  of  slow  secretion,  tlio 
gland  in  question  appears  pale.  When,  on  the  other  hand,  it  is  actively 
functionating,  from  about  the  lifth  to  the  ninth  hour  after  the  n^ception  of 
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food  i&to  ili6  etomoeb^  it  is  of  a  deep  red  colotu*.    In  this  condition  bright 

scarlet  blood  flows  from  the  voina  of  the  oi^n,  while  in  the  inactive  statu 

fche  capdlkries  contain  &  dark  fluid 
The  geereiion  of  the  gland  or  panereaiic  Juice  (mccus  pmicreaiics)  haa 

been  obtained  from  the  Imng  animaL     So  obtained,  it  is  a  atrongly 

alkaline  viscid  titiid  (Bernard),  while  tliat  collected  from  a  permanent 

pancreatic  üstuk  ia  a  very 

thin  liqnid  {Ludwifj  and 

Wein  mann) ,  In  th  e  hrst  al  - 

burnen  was  digested  (Ber- 

nardf    OQrvüari)^     starch 

was  transfoTtaed  into  grape 

BUgar,     the    neutral   fata 

(after    first    forming    an 

emuleion)  were   split   up 

into     glycerine    and  free 

fatty  acida.     In  the  latter 

form  the  first  of  th<ae  pro- 

pertiee  woa  absent  The 
L-liliek  liquid,  whose  por- 
■4tentage  of  watRr  is  about 

90,    is    see  retell    hj   the 

gland  when  the  latter  is 

of  a  deep  re4  colour  from 

increased  vascularity ;  the 

thinner  liquid  contaiuing 

about  95-98  per  cent,  of 

water  when  it  is  pale. 
The    amount   of   fluid 

secreted  is  greatest  within 

the  hours  before  mentioned 

during  digestion*  It  varieSj 

however^  to  a  great  extent 

at  other  timeSj  so  that  calculations  as  to  the  amount  produced  daily  are 

found  to  difler  considerably. 

The  most  essential  constituents  of  the  fluid  coneist,  in  the  first  place^ 

of  an  albuminoid  substance,  which  separates,  in  a  gelatinous  form  on  cool* 

ing  below  freezing  ptitnt,  from  tlie  thicker  kind  of  pancreatic  juice,  but 

not  from  the  thinner  fluid ;  then^  ^g^i^j  of  a  ferment  occurring  in  both 

forma  of  the  fluid,  which  converts  starch  very  rapidly  into  grape  supar. 

Further,  as  CormMirt  has  pointed  out,  there  ia  present  in  the  first  modifi- 

i^ation  of  the  tlaid  another  ferment  which  digests  albumen,  and  whose 
^Ction  does  not  cease  on  neutralisation,  or  even  weak  aeidulation  of  the 

«©cretion  (Kuhne),     Finally,  there  is  a  third  fermenting  substance,  which 

eflecta  that  peculiar  decomposition  of  the  fats  already  mentioned.     Tbe 

change  also  alluded  to  produced  in  the  albuminates  is  of  great  interest, 

namely,  a  process  of  disintegration,  with  the  formation  of  an  albumen 

peptone,  as  well  as  considerable  quantities  of  leucin  and  tyrosin  (Kühne). 

A  gelatin  petone  has  also  been  so  obtained  {Schwedcr). 

The  constituents  of  pancreatic  juice  obtained   by  incineration,  and 

amounting  to  0*2-0^75  and  0'9  per  cent,  are  lime,  earths^  magnesia  and 

ioda^  chlorides  of  sodium  and  calcium,  pho^hates  of  sodium,  calcium,  and 

magnesium,  sulphates  of  the  alkalies,  and  traces  of  iron  combined  with 


H^  e 


ßat>iotU.  Ol  f rrtinfT  ciicrrkiry  emul ;  b,  the  mme  oT  «i  &cliiiu 
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phosphoric  ^cid  {Benmrd^  Freriek§j  Bidder^  and  Schmidt),    Sulpliocjramdd 

of  potqssiiiiii  is  not  preeent  in  the  secretloD  of  the  pancreas. 


5  262, 

We  come  now  to  the  Iher,  tlie  largest  of  all  tlic  jjliinJa  comiented  wit 
the  digestive  tract  in  man  and  the  maranmliii*     XJnderneath  ite  fibroflJitl 
investment  it  presents,  oven  to  tlie  unaided  eye»  a  most  peculiar  appiiar 
ance»  owing  to  its  texture*     A  ti  ner  tinalyaia  of  the  latter  shows  it  still 
inor«  riistiiu'tly  to  bo  alone  among  the  glands  of  the  bwlj. 

If  we  carelully  examine  (*iLher  the  surface  or  a  section  of  the  liver, 
we  notice  markings  which  divide  tJm  former  into  regular  fields,  Tbi* 
ia  seen  in  ninny  mEunmals  very  distinctly,  but  espeeially  ao  in  the  pig 
and  also  the  polar  hear.  The  portions  included  in  these  markings  are 
known  as  tiie  hepatic  tohuky.  They  are  separated  from  one  another  by 
narrow  hands  of  lighter  colouretl  substaace,  and  are  at  one  time  of  a 
dark  rpddish  brown  in  the  central  p^trtinn,  and  of  a  lighter  hue  nerirer 
their  circumference,  and  at  another  ^^uite  the  reverse,  appearing  light 
internally  and  Oark  externally-  Tht^se  (.lifferences  depend  entirely  upt)n 
the  state  of  the  circulation  in  the  organ.  In  man  this  marking  ia  toler- 
ably easy  of  recugniLion  in  tlio  infant's  liver,  but  i?»  on  the  other  haml, 
very  indistinct  in  the  adult.  The  diameter  of  the  lohales  may  be  roughly 
estimated,  on  an  average,  at  9  mm.,  and  about  a  third  more  in  larger  imii- 
vidaals,  while,  in  some  caaes,  they  inay  only  measure  1*1  mm. 

Kcich  of  these  lobules  consiats  essentially  of  innumenible  gland  cellSf 
and  an  exceedingly  complex  network  of  vessel»  passing  among  them,  and 
tending  all  towards  one  central  pointy  where  tlioir  confluence  forms  the 
commencement  or  radicle  of  an  hepatic  twig,  while  externally  they  are 
bounded  by  branches  of  the  portal  vein  and  biliary  canals. 

The  htpatic  elements  are  distinct  from  one  another  {i\g.  4DS),  and  pre- 
sent great  similarity  to  p/ptic  cells.  Their  form  is  more  or  less  irreguhirly 
]iolygonalj  owing  to  their  mutual  accommodation.  In 
diameter  they  are,  on  an  average»  about  0-Ü220- 
0  0 1 80  mm.,  with  extremes  up  to  0*0282  mm,  and 
down  to  0*0113  mm.  Their  nuclei,  which  are  oval« 
and  contain  nucleoli,  Lave  a  diameter  of  0*U056- 
0*0074  mm.  Each  cell  usually  contains  one  of  them 
(^/),  lait  may  in  some  cases  be  possessed  of  two  (6). 
The  substance  of  wOiich  the  hepatic  cells  are  composed 
is  of  viscid  consistence,  and  presents  a  greater  or  les» 
number  of  fine  elementary  granules  emlx-dJed  in  it* 
The  cell>*  are  entirely  destitute  of  mem bm nous  cover- 
ings and  the  whole  structure,  wlicn  isolated,  is  seen  U> 
be  posseJised  of  the  power  of  amoeboid  motion,  verv 
distinct,  though  alow  {Li^ fid  art). 

Beaiiles  thirse  just  mentioned,  other  matters  are  fro- 
qucntly  met  with  in  the  contents  of  the  hepatic  cells,  which,  when  pre- 
sent in  small  <|uantities,  may  bo  regarded  as  normal  constituent«,  whilr 
llieir  appearance  in  greater  amount  denotes  a  morbid  condition  of  the 
celL  These  aro,  in  the  brst  place,  molecules  of  a  brown  or  yellowiwli- 
brown  pigment  (biliary  colouring  matter),  and,  secondly,  fatty  globule 
r>f  varying  sizes  (tig.  500).  The  latter,  chiefly  in  the  form  of  very  Una 
fatty  molecules,  are  found  normally  in  sucking  animals  and  children,  &ud 


of  nun^    a^  with  erne 
Itudlevu;  h^  m  cejj  wUh 


m&y  be  culled  into  being  artificially  by  the  ad  mi  d  is  trat  ion  of  very  rieh  fatty 
lbo*i  to  an  animaL  In  very  well  marked  specimens  conBidemble  masses  of 
fat  are  to  be  seen  filling  the  whole  of  the  cell,  and  completely  übscuring  its 
nucleua.  The  celb  in  such  caaes  are  often  iucreaäed  in  sub.  Amongst 
adults,  and  especially  after  habitual  indulgence  in  rich  food,  auch  fatty 
livera  are  of  frequent  occurrence. 

But  bemde.^  thia  fatty  intiltration,  as  it  may  be  called,  of  the  liepatiu 
cellsj  which  the  latter  are  well  able  to  tolerate,  regaiaing  their  previougly 
normal  condition  i\s  soon  as  freed 
from  the  oily  molecules,  there  is 
also  a  true  fatty  degeneratiois^  a 
inorbid  change  of  the  whole  ele- 
meiit  into  lardy  matter,  which 
leails  to  its  entire  dastruction. 

The  arrangement  of  the  cells 
of  the  lobules  is  very  remarkable. 
They  are  placed  in  long  row  a 
aide  by  Bide  and  connected  with 
one  another  at  points,  without 
by  any  means  being  fused  to- 
gether, Thia  arrangement,  in 
«longaliKi  groiipR,  may  be  fre- 
quently recognised  among  hepatic 
cells  which  have  been  scraped 
off  the  cut  mir  face  of  the  liver 
(fif^,  498),  but  more  clearly  in 
delicate  sections  of  the  lobules, 
itö  in  fig.  499,  in  which  a  radiat- 
ing arrangement  of  the  bands  of  elements  is  perfectly  manifest,  especially 
in  the  more  internal  part,  whUe  externally  this  is  more  or  less  lost,  the 
ceUs  being  disposed  with  greater  iiregnlarity. 

In  the  human  and  mammalian  Hver  generally,  the  cells  of  sueh  a  band 
are  arranged  in  a  single  tow,  only  doubleil  at  certain  point*^*  Much  variety 
exifits,  however,  in  the  mode  of  ji^ouping. 

These  so-called  lobules,  which  do  nut»  however,  like  the  well-known 
I  divisians  of  racemose  glands,  open  into  an  exeuretory  duftj  but  are 
placed  on  a  twig  of  the  hepatic  vein,  are  separated 
g^  from  the  other  {at  those  points  at  which  they 
^~  seen  sharply  defined)  by  distinct  septa  of 
ective-tissue,  which  may  be  isolated  from 
"  about  the  lobules  in  the  form  of  regular  capsules. 
This  mesh'Worfc  of  connective- tissue  is  derived, 
in  the  first  place,  from  the  so-called  capsule  of 
Olüsftn,  i.e. J  that  sheath  of  cellular  tissue  which 
I  clothes  tlie  blood-vessels  and  bile  ducts,  eiitering 
the  organ  at  the  porta  kepatis^  and  again  from  the 
connective -tissue  covering  the  whole  organ.  In  the  normal  condition 
of  the  human  liver  this  septal  connective* tissue,  dividing  lobule  frorn 
lobule,  is  very  scanty,  while,  in  a  certain  peculiar  atfection  of  the  organ, 
Icnown  as  cirrhosis,  it  becomes  hypertropbied. 


hlw^.  iW. — ITf'pAtle  lohnke  iroin  ■  chii<l  ten  yrnn  nlit 
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be  neceseaiy,  in  the  iirat  place,  to  consider  the  arrangement  of  iU  Hood- 
vessels. 

The  vascular  «ystem  of  the  liver  possesses  tliis  peculiarity,  that  it  receiTeB 
its  hlood  from  two  sources,  natu  el  j,  from  the  hepatic  artejy  and  portal 
%'ein.  The  last  of  these  conveys  a  much  larger  proportion  of  blood  to  Ibe 
«rgati  than  the  former»  which  takes  pwrt  less  in  the  elaboration  of  bik 
than  in  the  nutrttion  of  the  hepatic  tiisua  Ita  branches^  aceompanjiBg 
the  divisions  of  the  portal  vessels  and  bile  dacts,  ai^  drntribuled^  in  th« 
tirat  plac^  aa  vasa  nuinentia  to  the  coate  of  both  (rami  vascniartr/)  :  and* 
iecondly,  to  the  serous  covering  of  the  liver,  m  far  as  which  they  pene- 
tnite  (rami  f^^pmlartii),  forming  there  a  wide  meshed  capillary  network. 
The  veins  derived  from  these  empty  themeelvea  into  the  ramificatioiia  of 
the  portal  vesael^,  so  that  the  latter  may  be  injected  from  the  hepatic 
artery,  and  üfw?  vernfr,  if  the  cauula  be  inÄerted  into  the  pc»rtal  vein  the 
injection  may  he  driven  into  the  hepatic  arteiy.  Finally,  a  few  very 
«mall  twigs  {rami  Ifthidarea)  sink  into  the  peripheral  portion  of  the  capil- 
lary network  of  the  hepatic  lobulec  Through  these  the  hepatic  artery 
takes  some  port,  at  least  in  the  production  of  the  bile. 

The  pjrtal  vehh  with  whose  course  we  take  it  for  granted  the  reader  k 
already  acquainted  from  the  study  of  general  anatomy,  forms ,  with  its 
terminal  branches,  the  venm  interhhularcs  of  Kicrnau^  or  vrnw  prriphmm 
oi  Gerlfjck.  These  are  fine  tubes  of  0  0338-(J0451  mnu  in  diameter, 
which  surround  the  lobules  either  in  the  form  of  short  {in  man)  or  long 
(rabbit)  loops,  or,  as  is  pre-eminently  the  case  in  the  pig,  in  tiie  form  of 
regular  rings,  breaking  up  rapidly  on  all  sides,  either  into  tin  er  hrmnehes 
or  immediately  into  capillaries.  In  fig.  501  we  have  a  represenUtioil 
of  what  takes  place  here :  a  twig  of  the  portal  Vein  is  seen  passing 
rhix>ugli  the  middle,  and  giving  off  on  either  side  the  Tumi  i/titrlttbu^ 

lare^,  which  terminate  evenluall| 
in  a  capillary  network  after  en- 
circHng  the  lobules, 

This  network,  the  moat  highly 
developed  which  exists  in  the  l>i>dy, 
consiata  of  vessels  fr^mi  0'0090  to 
00126  uiui*  in  diameter,  whofe 
delicate  walls  can  only  with  dilü- 
c  u  I  ty  be  d  e  monst  ra  ted .  T  li  o  m  Ci  lies 
formed  by  these  are  very  denac^meA- 
fiuring  only  from  0*0226  to  0*0151 
muL  They  are  either  rounded , 
square,  or  triangular  in  figurB,  and 
lie,  for  the  inot^t  jwart*  with  iht?ir 
long  axis,  often  mther  iit«iistinctly 
directed,  towimls  the  centre  ol  the 
lobuiea 

In  the  interior  of  the  hitter  lh0 
capitlaries  either  form,  by  tbeir 
rapid  confluence,  a  single  bepmtic 
venous  radicle,  or,  what  is  mom 
fct^quently  the  case,  two  or  mote 
such.  Thc?e  may,  in  some  instances,  be  met  with  in  much  larger  num- 
bers. The  hepatic  twigs  are  situated  in  the  centre  of  the  lobules  ;  thef 
lire  from  0-5640  to  0*0677  mm»  in  diameter  {Gerhch}^  and  have  heon 


braiwhi  the  trn^t  irftfrlabttturts,  tbc<^pi!tiMry  ntt- 
work«  ftnd  m  «ou  intrakAidarii  tn  iJie  ctotre  of 
*  lobule. 


OEGANS  OF  TUE  BODY, 


605 


nanied  by  Kt'eman,  on  accoujit  of  their  position,  the  venw  intrahhularm^ 
by  Gerlach  venm  ceniraies^  Üq  their  exit  from  the  lobules  these  Yeaada 
join  together  to  form  larger  trunks.  The  latter  are  intimutel}'  connected 
with  the  parenchyma  of  the  orgao,  so  that  they  remain  gaping  even 
when  emptied.  From  the  fact  that  the  veins  of  the  liver  do  not  poaeesa 
valves,  the  whole  hepatic  circulation  may  be  just  as  easily  tujectod  from 
them  as  from  the  portal  vessels. 

§  264 

Bo  far  we  have  only  discussed  those  points  of  structuml  arrangement  of 
the  Itver  which  are  easily  recognisable,  and  may  be  therefore  regarded  as 
permanent  additions  to  histologieid  knowlijdge, 

Far  dilierent  is  it  now,  huwever,  when  we  como  to  deal  with  questions 
as  to  the  nature  of  the  sustentacular  substance  of  the  interior  of  tile 
lobules,  with  the  relations  of  the  veins  to  the  lineAt  biliary  ducts,  as  well 
as  the  disposal  of  the  radicles  of  the  lymphatic  system  in  the  paranchyma 
of  the  gland. 

From  the  fact  that  the  tw^o  networks — ^that  formed  by  the  intersection 
of  hands  of  hepatic  cells  and  that  of  the  circulation — are  closely  inter- 
woven one  with  another,  many  suppose  that  the  hepatic  cells  are  simply 
entangled  in  the  me^he«  of  the  capillary  network, 

Neverthelessi,  if  very  fine  sections  of  a  properly  hardened  liver  h^  care- 
fully brushed  with  a  camel's  hair 
pencil»  there  remains,  after  removal 
of  the  hepatic  cells,  an  exquisitely 
delicate  reticulated  framework,  com- 
posed of  homogeneous  membranous 
bands,  which  separate  the  rows  of 
gland  cells  and  blood  stream  from 
one  another»  In  this  network  may 
"be  seen,  in  the  first  place,  the  nuclei 
of  the  capillaries,  and  then»  small 
isolate<l  nuclei,  which  present  them- 
selves in  a  shninkon  cündition  in 
thö  adult  (fig.  50^), 

In  the  liver  of  the  infiint,  or 
ftt^tns,  in  the  later  months  of  utero- 
gestation,  thi^  line  transparent  membranous  structure  may  be  seen  at 
ct^ftain  i^ioint^  to  be  double.  One  of  its  layers  corresponds  to  the  walla  of 
the  capillaries,  and  in  some  instances  has  been  resolved  into  thost?  vascular 
m\l&  Ao  well  known  (p.  363}  {Eherih),  Its  other  lamina,  on  the  other  hand, 
invests  the  bands  of  hepatic  cells  as  they  intersect  each  other. 

From  this  it  would  appear  to  be  beyond  doubt  that  a  thin  honiogeneoits 
layer  of  sustentncular  connective-substanee  enveloiies  the  various  rows  of 
hepatic  cells*  This  layer  is  often  of  the  most  extreme  delicacy,  hut  may 
In?i  seen  with  comparative  ease  to  lie  continuous  at  the  periphery  of  eacli 
lobule  with  the  interlobular  connective- tissue. 

Here  then  we  have  the  long  sought  for  membrana  propria  of  the 
hepatic  cells  presenting  itsetll  To  it  belongs  indubitably  the  second  and 
smaller  series  of  nuclear  formations,  which  appear  at  an  early  period  in 
greater  abundance,  as  a  system  of  cunneclive-tissue  corpnsclea,  frequently 
exhibiting  distinct  cell  bodies. 

While  at  first  these  tvro  membranes,  namely,  the  auBtentacular  contiec- 


¥\&.  &0i.— SuitfnttetLlar  tJHO«  from  th£^  llrcr  «f 
the  tnr«int^     a»  homoi^fiipntii  rrrtnlimitff  vlth 
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tiv^€abflkaiiQe  of  tlie  gland  and  the  walla  of  the  vessels,  apfiear  qmte 
distiDct  from  one  another,  they  assume  the  appoftmnoe,  later  on  in  oid«r 
animalf ,  of  being  fasei  into  one  single  lamina.  That  ibis,  bowercr,  i* 
probftbly  not  the  case,  will  be  aeen  further  on  whea  we  come  ta  consider 
the  arrangement  of  the  lymphatic  streams. 

For  our  afM^uaintance  with  these  important  poinU,  in  reganl  ta  lb« 
ätnjcture  of  the  live?,  we  are  indebted  for  the  most  part  to  tlie  exertions 
of  Bealc  and  X  Warner. 

§265. 

The  arrangemeDt  of  the  tdtimate  mdieieg  of  the  hile  dtteis  in  tb» 
interior  of  the  lohulee,  and  their  relationa  to  the  secreting  cella^  is  a  subject 
fraught  with  difficulty  for  the  microscopic  anatomist,  and  one  which  for 
»  long  time  baffled  every  attempt  at  elucidation,  owing  to  the  imperfection 
of  the  earlier  methods  of  tneatmeat  of  the  hepatic  tissue»  It  is  no 
wonder,  then,  that  here  ext^naire  use  was  made  of  hjpo thesis,  and  thai 
many  theories  a«  to  the  arrangemetit  of  part«  sprung  up  only  to  be  abioi- 
doned  again.  At  last  succe-ss  attended  the  efforts  of  some  to  demotistratö 
distinctly  the  finest  bile  dncta.  The  lirit  sueceasfnl  observers  in  this 
inter^ting  field  of  discovery  wei^  G^iach^  Budge^  Ändr^mrk^  and 
MaGOaiavrtj,  The  i^ults  of  their  investigations  were  all  very  similar, 
and  our  own  experiences,  m  well  as  those  of  0tr^ti8Z€sew^ki/  {arrived  at 
by  means  of  a  peculiar  method  of  treating  the  hepatic  tissue),  are  in  exact 
acconiance  with  them.  Further  progress  in  this  direction  was  made  again 
through  the  elegant  demonstrations  of  Hering,  confirmed  and  amplitied 
later  on  by  Mber&.  Subsequently  similar  parages  were  di^overed  in  the 
various  racemose  glands,  to  which  we  have  alr^dy  frequently  referred 
(§§  198,  245,  255,  and  261). 

The  first  |>f>int  to  be  noticed,  and  one  which  has  long  been  recc^is^i 
with  e>ase,  Li  that  the  ramiücations  of  the  bile  ducta  accompanj  tho 
branches  of  the  portal  vein  between  the  hepatic  lobules.     From  Üimt, 


F\e.  JMlS^—Billuy  cti»$IlKrLe»  frotxi  thenbblt'B  liver,  L  A  pun  «f  «  lobalff:  «,  i^mm 
htpatüiti  ft,  porul  tvLjt;  r^  l>!Ie  dactti  d.  cjtpillarle«:  <  unmrf  eipiiWiMt 
%  aiUvy  capLU«riet  (4)  In  their  reJttlAa  to  the  eaplllAil»  «I  the  TBa?vi«r  tjubrta 
(a).  3.  Bklk>ti7  CApLUftrfefl  In  thetr  reUtIm  t«  the  bepotl«  aslk;  a,  aplUaftsi  ^ 
h^ptAh  «eik;  e,  m*  iin&*\  d,  capiII&rteA  tst  the  hlood^rviwlA. 

then,  another  set  of  fine  thin- walled  biliary  canab  take  their  rise  (figf. 
503,  I  )f  which  invest  the  further  ramifications  of  the  vena  port^  (h}  with 
delicate  networks  (c)  i»  their  course  between  the  lobulea 
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More  mtemaUy  still  tlieee  tiibiilea  are  coQtinuous  with  an  exquieitelj 
delicate  mesh^work  of  the  finest  tubes,  known  as  the  biliar^  capülarü» 
{d).  Thes«  are  passages  of  extremely  small  calibre,  measuring  in  the 
mbhit  oulj  00025^0  00 18  mm,  Arrojiged  in  a  denee  network  (3  a)y 
they  pass  between  the  hepatic  cells  [h)  in  such  a  way  that  the  su^ 
face  of  each  of  the  latter  eomes  in  contact  with  Iheni  at  various 
point«. 

The  meshes  are  cubical,  so  that  the  network  preaents  tlie  same  appear- 
ance from  almost  every  point  of  view.  The  breadth  of  each  mesh  m,  on 
an  average,  O'Ol 44^-0^0201  mm.  in  the  rabbit,  and  corresponds  as  a  rule 
with  that  of  the  gland  cells.  The  whole  is  characterised  by  the  wonder- 
ful delicacy  of  arrangement,  and  the  regular  way  in  which  this  third  and 
finest  network  is  interwoven  with  the  two  others  formed  by  the  blood 
capillaries  and  Imiids  of  gland  celb. 

These  biliiirj  capilkriea  have  been  known  for  many  jeara  past  to 
exist  in  nmny  mammale,  among  which  the  rabbit  appears  to  he  beat 
suited  far  tbLnr  demonstration.  Tbey  have  recently,  however,  been  dis- 
covered  in  the  other  three  dasses  of  vertebrata  also  {Mjcrtht  Hering), 

The  questions  now  arise — Do  the  biliary  ca])illar:es  posaeas  independent 
walls,  or  are  they  simply  lacunar  passages;  and  what  relation  da  they 
maintain  to  the  hepatic  cells  t 

For  our  own  part,  wo  would  with  MacGiUatrnj,  as  formerly,  m  stijl 
answer  the  first  question  in  the  affirmative,  having  always  helii  the* 
opinion  that  the  biliary  ducta  do  posäcss  independent  wallfi.  laf Nation  of 
the  latter  has,  however,  up  to  the  present  been  impossilile,  but  the  eignt* 
ficance  of  this  fact  seems  of  minor  iniporlance  when  we  consider  the  great 
ilelicacy  of  all  the  component  tissues  of  the  part.  Again  {2),  the 
interlftcenient  of  the  blood  capillaries  («)  is  seen  to  take  place  in  such  a 
peculiiir  manner  through  the  network  of  the  hUiary  capillaries  (6),  and  in 
many  localities  the  latter  present  such  regularity  when  injection  has  been 
successfully  accomplished,  that  the  existence  of  a  system  of  lacunae  of  this 
kind  bctwe^^n  cells  endowed  with  vit^l  contractility  seems  highly  impro- 
bable. Further,  we  may  at  times  encounter  points,  at  the  junction 
of  injectod  and  un injected  portions  of  tissue^  at  which  the  amount  of 
grdnule«  of  colouring  matter  of  the  former  diminish  in  the  latter  in  a  w*ay 
that  permit!  of  our  following  on  the  network  of  biliary  capillaries  a  little 
farther  by  the  tliin  lines  of  coloured  fluid,  until  they  appear  eventually  in 
the  tissue  around  the  several  hepatic  cells  quite  destitute  of  coloured  con- 
ientsL  Under  very  high  magnifying  power,  also,  the  empty  network  njay 
be  seen  clearly,  presentmg  gfcat  regularity,  the  canals  of  the  same  calibre 
tbrougUout,  with  no  enlat^ements  at  the  nodal  points,  and  sharply  con- 
toured. Sometimes  we  are  even  so  fortunate  as  to  obtain  a  section  so 
thin  that  it  is  almost  entirely  formed  of  a  network  of  bands  of  hepatic 
cella  only  one  tier  thick  i  and  here,  along  the  middle  of  each  band,  some 
of  these  biliary  passages  may  take  their  course,  maint>aining  the  axis,  and 
lying  (juite  free  and  uncovered  by  other  rows  of  cella  An  appearance  of 
this  kind  is  easily  ex  plained,  if  we  accept  the  presence  of  a  special  wall 
to  each  canal,  but  is«  on  the  other  hand,  difficult  to  account  for  if  the  pa*- 
eagee  be  reganled  08  lacunar»  The  existence  of  these  waits  has  been  since 
rt?c43gnifted  by  both  Elfcrih  and  KoelUker. 

The  next  qoestion  is  :  How  are  these  biliary  ducts  related  to  the  hepatic 
cells  I 

On  Urn  point  the  opinions  of  histologists  hav^e  until  reeentty  been  Teiy 


508 


MANUAL  OF  IIISTOLOGV. 


tuuch  divided  owing  to  the  obacimty  of  the  «uLjecL  Mmiy  ^iw,  for 
inatanoOj  Andr^evk  some  years  ago)  supposed  the  bodies  of  the  hepatic 
oelb  to  be  dways  iiiterpoaed  between  the  blood  and  biliary  ojipilknss, 
80  that  these  two  could  never  come  into  coal  act  otie  with  tiiiolh«r. 
MacGiUavry,  on  the  other  band,  believed  in  the  i  uteri  see  men  I  am] 
weaving  together  of  both  networks  in  such  a  way  aa  to  rendt?r  X)m 
possible* 

The  discoveries  of  Hering  and  Eherth^  however,  have  aince  gfteii  sup 
port  to  the  first  view,  which,  from  our  own  reaearcbea,  we  are  alao  W  to 
believe  to  be  the  correct  one. 

But  in  order  to  undoTStand  th is  fully,  we  tutist  examine  not  only  lli6 
complex  liver  of  the  mainmaJ,  but  the  gland  also  in  a  aim  pi  er  fonn,  at  il 

presents  itself  In  other  verte 
brate  animaJs,  among  which  w« 
would  rpckon  Ibr  the  case  before 
lis  not  only  tisbes  and  amphibia, 
but  alao  birds. 

Let  us  take^  then,  ümt  of  all 
the  liver  of  the  amphibia,  whicli 
is  especially  instruct! vix  Hone 
w#  find — 1^  for  inj^tane«!-,  in  the 
common  ringtad  enake — Xh^\  the 
bands  of  cells  and  networkt  of 
these  bands  are  umde  np  (ls  i^ 
shown  in  fig.  5Ü4,  1 )  of  rciuleaust 
of  ßland  ceUfl.  hounded  exter- 
nally by  bloml-vessei%  nnd  con- 
vei^^ent  towards  a  (irm  biliary 
duct  running  through  the  axi« 
of  oaeh  rouleau.  One  of  tin 
latter  is  in  transverse  serttati 
com  parable  to  an  onlinary  tuhn* 
lar  gland  clothed  with  imlamtii- 
ated  epithelium,  snd  poaMtted 
of  a  very  narrow  lumen,  each 
blood  capillary  being  sepafttcd 
from  the  bile  düct4!  by  the  fyi 
height  of  the  hepatic  ef  lis  {fhr- 
imj).  The  livers  of  the  bat  rachia, 
also,  present  a  ei  mil  sir  armnge- 
ment  of  parts.  A  siii(*-viow^^) 
discloses  between  vnch  tworowi 
t  »f  liepatic  cells  a  \\  »iig  btl^duct 
adding  tb«  axis  of  the  bands 
lined  by  these  rouleaux,  whilo 
temal  to  tlie  latter  the  blood* 
capillaries  ar^  situated,  ^eai^r 
the  circumference  of  the  oi||nn 
biliary  ducU  of  greater  calibre 
are  to  Iw  found  c1otb«<d  with  low 
columnar  cptlheüum  which  has  taken  the  place  of  the  bepatic  cells. 

Among  the  lower  orders  of  vertebrate  atiimala  lateral  branchcö  on  the 
bile  ducts  art?  seen,  but  sparely,  and  the  existence  of  blind  termination»  to 
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these  (aJtliough  liable  to  be  simulated  by  imjMrfectly  iiijectad  eaiiala),  can* 
not  be  Jeniftd  in  our  apinian. 

It  is  only  vrhQii  wo  ascend  to  birtls,  that  we  meet  witb  a  bigher  deve- 
lopment of  thie  system  of  laterul  branches. 

Among  thoee  mammals,  on  the  other  hand,  which  have  been  bithertf> 
made  the  subject  of  research,  it  is  in  many  cases  found  m  an  exlreniejy 
high  &tate  of  development  in  the  form  of  that  exceeilinfiiy  coniplex  nt'twork 
af  biliary  capillaries,  representtfd  in  fig,  503.  Here  the  sud^ice  of  each' 
hepatic  cell  comes  in  contact  with  one  or  more  biliary  disftia.  J>»t  even 
itiil,  and  though  presenting  complex  and  variaus  modifications^  the  funda- 
mental plan,  as  seen  in  fig*  504  (3),  remains  distinet.  The  biliary  {c)  and 
blood- capillaries  («)  never  come  into  actual  contact ;  they  are  alwaya  sepa- 
rated from  one  another  by  a  whole  or  fraction  of  an  hepatic  eell  (b).  In 
the  lower  vertebrates  several  hepatic  cells  combine  to  enclose  the  former» 
while  higher  up  the  scale  the  contact  of  fewer,  and  at  liiat  of  two,  is  sufH* 
cient  for  their  formation. 

Finally,  we  &m  met  by  the  inquiry,  What  is  the  nature  of  the  delicate 
wall  of  the  biliar^''  duetl 

The  cuticular  border  of  the  epithelial  cells  iu  the  ti?rmimtl  ramifinations 
of  the  bile  ductö,  is  pointed  out  by  Eherth  as  its  probable  source.  Just  as 
the  cell  secretion  or  euticular  formation  becopxes  thickened  and  perforate«! 
by  pores  towatds  the  larger  branches,  as  already  mentioned  {§  92),  so 
does  it,  as  we  advance  upou  the  biliary  üapiUanes,  at-^quire  greater  delicacy, 
forming  eventually  the  walls  of  the  biliary  capilkries  at  the  points  of  con- 
tact of  the  hepatic  cells. 

§260, 

There  are  still  left  for  our  Gonsideratinn  the  lai^er  biliary  dnets,  this 
lymphatics»  and  nerves  of  the  organ. 

Besembling  to  a  considerable  extent  the  ramifications  of  the  ywrtal 
^■ystem^  in  their  coureo  and  mode  of  contSuenee,  the  bile  ductä  present  for 
our  consideration  a  homogeneous  membrane  with  a  clothing  of  small  low 
colls  from  the  ductus  inXerhbuhiriit,  which  has  been  already  mentioned 
in  the  preceding  chapter.  In  the  larger  trunks,  instead  of  liomogeneona 
walle,  fibrous  coats  and  long  cylindrical  epithelial  cells  make  their  appear- 
ance, upon  whoso  surface  a  porous  cuticular  border  may  be  recogniae<1 
with  increasing  distinctness,  as  we  advance  from  within  outwards  In 
those  passages  of  large  size,  which  have  already  left  the  parenehyma  of 
the  liver,  a  mucoo»  membrane  and  external  fibrous  layer  arc  to  be  seen 
composing  their  walls.  It  was  formerly  supposed  that,  l>e^ides  theie,  a 
geries  of  longitudinal  contractile  fibre  cells  entered  into  the  structure  of 
the  tube :  tbia  has  nut,  however,  been  since  contirmed. 

The  eoats  of  tlie  gall  bladder  are  formed,  according  to  Ihule^  of  layers« 
of  cimnective- tissue  alternating  with  muscular  lamina;,  consisting  of 
niistriped  fibres  which  cross  each  other  in  all  directions.  The  mucous 
membrane  is  marked  by  beautifully  regular  Jblds,  and  is  covered  by  the 
same  coating  of  nucjeated  columnar  cells  met  with  in  th«  Email  intestine. 
These  latU?r  are  also  endowed  with  the  same  power  of  absorbing  fats  a» 
those  of  the  intestine. 

The  bile  ducts  possess  also  numerous  follicles  and  racemose  glands. 
Thtj  first  are  to  be  found  in  the  lai^er  canals,  as  in  the  ductus  choledochiut 
ajstiens  and  hepatic  duct  with  iti  larger  branches:  they  are  arrangefi 
sometimes  irregularly,  pometjmea  in  rows.     The  racemose  mucous  glands» 
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ora  but  sptu^ly  found  in  the  gall  Ijkdcier  aud  inferior  portion  of  the 
cyatie  duct,  but  make  their  appearanc«  in  the  upper  portion  of  tho  canal,  4 
and  dudm  choledochü^  and  Jispaticm  (tig.  505,  a).     In  the  wider 
of  the  ktter,  with  a  diameter  of  about  07  mm,,  is  to  he  found  another  wsnrn^ 
of  pimple  cascal  formations,  some  of  tubular,  some  of  flask-like  figure.     In 
that  network  of  line  passages  situated  in  tho  transverse  fissure  of  the  liver 
they  occur  also  {b) ;  likewise  in  those  dunts  arranged  around  the  larger 

branches  of  the  portal  ¥*?ir» 
within  their  slientba,  und 
hnally  in  th<j  latoral  twig* J 
given  ntf  from  the  branclits«! 
lying  in  the  iongitndiualJ 
fissure  of  the  organ.    These 
appendages  have  by  soujt! 
been   suppoäed   to   he  im* 
perfectly  doTeloped  mucoiia 
glands,  but  by  the  majority  , 
of  histologista  they  art  m^ 
garded  now  a^  blind  Tami- 
fieattons  of  the  bile  duet« 
OP  receptacles  for  the  biif 
(Beule,    KoeUiker^    Eiiim)ti 
According  to  this  last  view^ 
they  would  be  nuuibcsred 
among  the  uam  ab^rrwUid 
of   K    IL    Weber.      We 
understand      under      thi« 
name,  passages  of  0*O2«ü'7 
mm.    in   diameter«    wbiet. 
leaving    the   substam-e  of 
the  liver,  undergo  sub  divi* 
sion  ijito  smaller  branches 
connective  -  tissue 


,  bllr-duct  f^Undt  fiMiR  llis  bcp*ilfi  duct  dT  the 


jiviDMi  Itver;  tt,  ln|fict4d  iwlf  of  the  biUu^  p1«xtit  of  the 
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stroma.      They  are  in  btj 
ibund  in  the  Ugamf^ämn  iHatigiäare  sinistrnm^  and  the  fibrous  bridg 
jiüross  the  inferior  vena  cava.     Tbey  are  partly  disposed  in  a  letifor 
manner«  and  some  of  them  termlnaia  with  bulbous  diJatationa. 

The  numerotis  If/mphuiia  of  the  liver  consist  of  a  series  of  supedicia 
vessels,  and  another  situat-ed  more  deeply  communicating  with  the  firet 

The  first  lyitif^  in  the  deepest  layer  of  tlie  peritoneal  covering  of  thtl 
iirgan,  h  made  up  of  a  complex  uiilaminated  network  of  line  canals^  who 
larger  efi'erent  vessels  pass  oli"  in  various  directions*  Those  on  the  conved 
surface  of  the  liver  take  their  course  toward«  the  ligaments  of  the  orgatlJ 
and  do  not  meet  mth  lymphatic  glands  until  their  intmnce  into  thi 
thorax  Those  from  the  under  surface  of  the  viscus,  on  the  other  haiidyl 
empty  themselves  into  lymph  nodes  in  the  neighbourhood  of  the  trans- 
verse fissure  and  the  gall-hla^lder. 

The  deeper  lymphatic  vessels  enter  with  the  portal  veins,  hepaiii 
artenes,  and  bile  ducts,  into  the  interior  of  the  organ^  enveloped  in  m^ 
tibrous  prolongation  of  Glusmi^ä  capsule,  and  follow  all  the  rami ti cations 
of  the  latter  canals.  In  their  course  they  invest  the  branehea  of  both 
ducts  and  blood-Yessels  witfi  a  delicate  network  of  tubes,  and  arrivd  thus 
at  the  penphery  of  the  lobules,  still  in  the  form  of  distinct  vessels.     Hers 
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tli«y  merge,  either  as  distinet  veBsels  or  ixiterlobiilar  laciisa!,  into  a  very 
remarkable  network  of  lymphatic  paaaagea,  traversing  the  whole  lobule  in 
every  direction.  Every  blood  eapiUary»  namely,  is  etislieathed  in  a  ly mpli 
stream,  whote  eitternal  botiudary  is  without  doubt  fornjed  by  the  delicatu 
Hbrous  sustentacttlar  membrane  of  the  hepatic  c^ll  bands ;  so  that  each 
of  the  cells  of  bucU  a  band  bounds,  with  a  portion  of  its  surface,  the  inter- 
lobular lymph  streanj.  We  are  indebted  to  MacGiilmnj  fur  the  discovery 
of  thtise  perivascular  lymphatic  spactsa  (J  207).  The-sö  facts  we  have 
confirmed  by  personal  observations,  and  Bkahidiicky  has  rücently  succeed eii 
in  demonstrating  that  the  same  arningcmeut  of  parts  prevails  in  the 
human  liver.  Incautious  injection  of  iho  biliary  tiapLllaricH  frequently 
results  in  rupture  of  the  latter,  and  cummunicEition  bßtween  them  and  the 
lymphatic  iuterlacemeulsj  givin^f  risa  to  appearances  which  have  Jed  at 
least  several  observers  into  the  error  of  regarding  the  latter  as  biliary 
iietwc^rks, 

l1io  nervt^  of  the  liver,  springing  for  the  most  part  from  ih&pltxm 
^wliartis^  and  cansisting  of  both  Mtmal^ä  filjie^  and  other  dark,  tine,  or 
broader  tihiineut^,  spread  themselves  alung  the  course  of  the  bile»düct§, 
:düng  the  hepalic  arteries  and  iU  rAmificaiionfl^  as  far  as  its  interlobular 
brancheßj  along  the  portal  and  hepatic  veins  atrd  serous  covering  of  the: 
urgan  {KotiliÜrr).  The  mode  of  their  ultimate  termination  is  still  very 
oWeim;. 

S  267. 

Turning  now  to  the  amtpodiion  of  the  liver,  older  and  rougher  analyses 
of  its  tissue  (whose  ap.  gr,  is  stated  by  Krause  and  Fufcker  at  1-057) 
give,  beside  about  70  per  cent  of  water  for  man,  soluble  albumen^ 
coagulated  protein  matters,  glutinous  subetanceSi  fate,  extractives,  and 
about  1  per  cent  of  mineral  constituents. 

In  addition  to  the^e,  a  number  of  interesting  mutation  products  liave 
been  found  in  the  liver.  As  far  as  Wö  know  at  present^  glycogen, 
grjvpe  sugar»  inosite  (in  the  ox),  lactic  acid,  nric  seid,  hvt>oxanthin^ 
xanthin^  and  urea  have  been  met  with  here.  Kreatiu  and  kreattniUi 
on  the  other  htind,  have  not  been  found,  nor  leucin  and  ty rosin,  of  which 
the  Hrst  is  at  the  most  only  present  in  traces  in  the  healthy  liver  (§  31 
and  5  32).  Cysttn  hns  also  been  found  in  the  organ  under  morbid 
conditions. 

None  of  tliese  mutters  are  present  In  the  bile^  and  must  consequently 
return  into  the  circulation. 

The  mineral  comiitucnh  are,  in  the  first  place,  phosphates  of  the 
alkalies,  which  appear  iii  large  quantities,  the  salts  of  potiissium  pfepon- 
derating,  while  phosphate  of  calcium  and  magnesium,  chlorides  of  the 
alkalies  and  sulphates  are  present  in  but  small  amount  Iron,  manganese, 
and  copper  (p.  62)»  with  traces  of  silicates,  have  also  been  found* 

Accurate  observation  has  shown  that  the  tissue  of  the  liver,  which  i^ 
of  soft  consistence  during  life,  possesses  also  an  alkaline  reaction^  while 
in  the  dead  animal  it  reacts  acid. 

The  glandular  element«,  or  hepatic  cells,  are  composed  of  richly  albu- 
minous protoplasm,  containing  frequently  glycogen.  This  latter  com- 
pound vanishes  from  the  oelb  of  starving  animals.  G lye ogen,  which  is 
neither  found  in  the  vegetable  kingdom  nor  in  the  bloody  must  b« 
regarded  as  a  product  of  cell  life.  Through  the  agency  of  a  ferment  also 
existing  in  the  cell,  this  substance  is  converted  first  into  dextrtn,  as  an 
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iotonnediate  step^  and  then  into  gmpe  mgan  Ite  amount  in  the  livtog 
f&fM  JB  so  Btnall  thai  we  are  unable  actually  to  prove  its  presoncre  there,  bg| 
jmmedititely  after  death  it  iDcreaseB  considerably  in  quantity.  Beäide^ 
this,  fatty  mutters  are  enconntered  in  t he  gt an dular  element  and  frequenUy 
also  bilmry  pi^'ment  in  the  form  of  granules.  The  hepatic  eeU,  however, 
fabricatea  besides  seireral  other  snbatances  of  great  rmj^Kirtatica  in  the 
formatiün  of  bile,  aa  we  shaLL  see  presently  in  eonaiJeritig  this  secretioa 
It  is  not  improbable  that  the  formation  of  glycogen,  and  certain  of  the 
constituents  of  bile,  are  only  different  portions  of  one  and  ih@  same 
mutative  chemical  proceea. 

The  fatty  matters  of  hepatic  tissue  stÜl  await  accurate  analysis. 

§  268. 

The  hile^  an  exceedingly  decomposable  aecretionr  ts,  as  it  Howi 
immediaiely  from  the  liver,  a  clear  and  rather  thin  fluid  of  alkaiiiitj 
reaction,  Ita  colour  i^  sometimes  reddish  yellow,  as  in  the  carnlvo 
and  sometimes  greenish,  as  in  the  case  of  the  vegetable  feeders.  Whai^ 
ever  ita  tint  be  at  the  outset«  it  always  turns  to  gr^n  on  exposure  la 
the  air.  To  the  taste  it  is  sweetish  bitter,  leaving  little  after 
During  its  sojourn  in  the  gall-bladder  its  characters  become  chnnged,  iftiJ 
alkalinity  appears  more  marked^  it  receives  an  admixture  of  ntucu^,  the 
colour  deepens  to  brown,  and  it  becomes  more  concentmted.  Tlio  ap.  gr. 
of  human  bile  is  usually  accepted  as  1  '026-1  '032 ♦ 

The  fluid  is  usually  completely  homogeneous,  -nithout  either  granalas 
or  fat  globules ;  nor  do  liepatic  cells  make  their  appearance  in  it,  owtu 
to  the  small  calibre  of  the  liiliary  capillaries. 

The  most  important  and  e««etitial  constituents  of  bile  are  the  Com- 
pounds of  sodium  with  two  peculiar  acids^  and  the  pigmentary  substanoea. 
These  two  acidsj  taurf^hoUc  and  gfi/toeJioli^^  have  bean  Already 
considered  {§  27)*  From  the  fact  that  they  are  absent  fro  in  the  blood, 
we  are  forced  to  the  conclusion  that  they  are  generatt^d  in  the  liven 
Their  mode  of  origin^  how^ever,  ia  still  a  matter  of  great  obscurily. 

For  a  long  time  the  greatest  uncerlaioty  prevailed  as  to  the  nature  of 
the   colofirmfj  maiterif  of  the  bile.     It  was  not  until   after  Stitrflfhr^it 
beautiful  investigations  were  published  that  any  pn»gr<^ss  was  made  in 
this  direction  {p.  53).     Fresh  bile  appears  tti« 
contain  only  two  of  those  pigmentary  matter 
discovered  by  this  chemist,  namely^  the  me 
essential  bUmdnn  and  bäimrdin. 
gm  T^Tji   ■  Bilirubin  {^g.  506)  may  be  obtainetl  from 

f^  jA       '        slightly  aciddated  bile  by  agitation  with  ciilom- 
4n    HH  IA    A       ^^^^^  ^'^i^t  it  is  nearly  allied  to  hfematin,  mid 
•^    |W  m    ^       has  i  ts  origin  in  th e  d es tructi on  of  the  pigm eni  of 
■  ^    -^^  the  blood ^el la  in  the  parenchyma  of  the  liver, 

can   hardly   \m    doubted,   although    we    w< 
obliged  at  p.  50  to  negative  the  question 
identity  of  the  two  substances.     The  i^ieeuHa 
crystalliue  form  of  this  pigment  is  also  agaitis 
our  aci^ipttng  it  as  identicid  with  haeniatitii  iU  ' 
ciystab  assujuing  u  wfietstone  (i^ure. 

Very  small  crystalline  bodies,  made  up  of 
bilirubin  in  irregular  and  sometimes  sUlkdike  masses,  may  be  mtt  with 
in  the  bodies  of  the  hepatic  cells  at  tinies^ 
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The  enormous  coloormg  power  possessed  bj  thb  pigmetit  is  also  s  point 
of  great  interest.  Dikted  to  a  mjUion  times  its  volume,  it  i&  still  capable 
of  commtinicating  a  tliatinctlj  vellow  tinge  to  a  layer  of  fluid  two  inches 
deep.  Agmn,  as  is  well  known,  a  very  small  quantitj  in  tbe  blood 
of  jaandiced  persons  imparts  a  yellow  colour  to  their  skin  and  con- 
junctiva. 

Tbe  pigment  of  fresh  green  bile  is  probably  biliverdiii,  nearly  allied  to 
the  last»  It  ia  also  dereloped  in  tno  other  spceies  of  bile  on  their 
btcotuiDg  green.     Dissolved  in  alkalies,  it  gtaduaUy  assuiues  a  brown  tint» 

In  decomposing  bile,  another  brown  colouring  mrttter  is  also  to  be 
found,  which,  on  the  addition  of  acid,  assumes  a  green  colour.  This  i» 
probably  bUiprasin, 

Wc  have  already  referred,  as  far  m  necessarr,  to  the  mod^  of  generation 
of  the  various  colouring  matters  (§  37). 

Another  colourintr  matte r^  also  present  in  the  urine,  has  likewise  been 
recently  discovered  in  this  fluids  to  which  the  name  of  urol^ilin  (§  53) 
has  been  given  (Joffe). 

Btssides  these  cotistituents,  neutral  fats  are  also  present  iu  tho  bilOf 
also  combinations  of  fatty  acids  with  alkalies,  lecithin,  with  ita  two 
decomposition  prridncts»  glycero  phosphoric  acid  and  neurin  or  choHn, 
cholcstcjirin  (p,  30),  and  mineral  matters.  The  latter  consist  principally 
of  chloride  of  sodium,  some  carbonate  and  phosphate  of  sodium,  phosphate 
of  eaicium  and  magnesiurn,  as  well  as  traces  of  iron,  copper,  manganese 
(p*  Gä).  Fresh  bile  contains  no  sulphates  ;  these  are,  however  pruduceil 
in  it  by  incineratinn  and  by  the  processes  of  putrefaction,  from  taurin,  which 
contains  sulphur  (p.  49). 

Of  gases,  the  bile  contains  (dog)  a  small  amount  of  oxygen,  abundance 
of  carbonic  acid,  and  some  nitrogen  (Pßit^ery 

The  proportion  of  these  mattei^  in  the  bile  is  usually  highei"  than  in 
the  other  digestive  fluids,  but  varies  greatly,  aceonling  as  the  bile  remains 
for  a  longer  or  shorter  time  in  the  gall  bladder,  where  it  undergoes  a  loss 
of  water  by  absorption.  The  percent^e  of  solid  constituents  in  the 
human  bile  is  generally  estimated  at  from  Ü  to  17  {FrerkltSj  Gor  up), 
I  That  from  the  ox  contains  from  7  to  11  per  cent,  that  obtained  directly 
from  the  livers  of  dogs,  cats,  sheep,  only  about  5  per  cent.  {Bidder  and 
^Itmidt),  The  bile  of  the  Guinea-pig  is  still  richer  in  water,  l*he 
organic  matters  in  man  amount,  according  to  Frertdm^  to  about  87,  or, 
according  to  Gorapi  tt:»  93  per  eenl  of  the  dried  residue.  Among  these 
the  combinations  of  sodium,  with  the  two  biliary  acids,  appear  to  pre- 
ponderate greatly,  while  the  proportion  of  fats  and  of  cholestearin  im 
much  less  considerable^.  The  percentage  of  mineral  constituents  is  stated 
by  Got  tip  to  be  about  6*14  of  the  whole  solid  residue. 

Tlie  st?cretioii  of  bile  in  the  normal  conditions  of  the  system  ia  con* 
tinuou?,  but  liable  to  vary  considerably-  It  depends,  in  the  first  place* 
on  the  nature  of  the  alimentary  matters  taken  into  the  system,  being 
m^At  abundant  after  a  meal  of  flesh  mixed  with  fat,  while  it  decreases 
after  jiurely  fleshy  footl,  and  is  still  less  after  an  exclusively  fatty  diet» 
\  draught  of  water  also  increases  its  amount,  and  after  the  introduction 
of  focHl  into  the  system,  the  quantity  elaborated  becomes  larger  and  larger 
(or  several  hours. 

The  quantity  of  büe  produced  in  twenty-four  hours  variea  in  many 
animals,  and  has  beaides  been  estimated  diflerently  by  several  observers 
for  on^  and  th#  same  animal     From  1000  to  1800  grammes  is  supposed 
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genemlly  to  he  about  tlie  avemga  amount  aecreted  bj  the  adult  human 
heing  daily ;  though  yv&  must  admit  that  this  statement  is  based  upon 
very  unoertain  data. 

Aa  to  the  use  of  hile  in  thö  p^'>ce8sea  of  digest ion^  we  know  that  it 
possesses  no  fermenting  power  over  the  albuminates,  bat  precipitates  on 
the  contrary  albuminous  substances  from  their  acid  solutions  whether 
digested  or  undigested.  It  has  the  same  effect  on  pepsin.  It  i^  still  a 
debated  question,  whether  it  possesses  the  power  of  transforming  starch 
into  sugar.  It  Baponities  the  free  fatty  acids,  and  forms  an  emulsion  with 
fat,  thus  facilitating  its  absorption  by  the  intestinal  viili  {Bidder  and 
Schmidt  J  Wülinühattsen), 

Besides  this,  as  Bidder  and  Schmidt  have  shown,  the  greater  part  of  the 
bile,  in  fact  almost  all  its  water^  as  well  as  |ths  of  itji  eoÜd  const i tu ents, 
is  again  taken  up  into  the  circulation  by  absorption  from  the  intestines ; 
but  nothing  iarther  is  known  as  to  what  chanj^ea  its  constituents  undergo 
there.  In  a  changed  state  the  pigmentary  matters  pass  through  the  intesr 
tine,  together  with  a  small  quantity  of  cholestearin,  and  occitsionalty  some 
tamin.  The  producta  of  the  metamorphosis  of  choleic  acid  are  also  md 
with,  namely,  choloidinic  acid  and  djslisin.  Keurin  also  and  glycöix>* 
phosphoric  acid  also  partake  of  the  natnre  of  decomposition  products. 
*  The  development  of  Ute  livert  although  still  a  knotty  point  in  his- 
tology, has  been  cleared  up  to  a  great  extent  by  the  important  dis- 
coveries of  Remah  From  these  it  would  appear  that  the  organ  springs 
very  early  from  the  cbHb  of  the  so  called  gland  layer  in  the  form  of  two 
saccules»  clothed  externally  by  a  tibroua  envelope,  derived  from  tlie  walk 
of  the  intestinej  and  which  has  been  pushed  before  the  growing  saccule«. 
From  the  most  internal  cells  of  these  primitive  Btle  ducts,  solid  groups  of 
elements  are  produced  by  a  process  of  division,  the  **  hepatic  cyiindera,* * 
which  advance  in  their  farther  growth  into  the  external  euvelopijig  layer, 
dividing  in  their  progress,  and  branching  with  the  formation  of  networks. 
Those  cells  of  the  originally  external  envelope,  which  have  become  as  it 
were  ent^mgled  within  the  meshes  of  the  network  formeil  by  the  hepatiis  ^ 
cylinders,  are  gradually  converted  into  iibrous  or  connective  tissuep  Teeaela  < 
and  nerves  J  while  the  secreting  elements  of  the  gland  are  to  be  found  m 
the  cells  of  the  hepatic  cylinders.  It  is  a  fact  of  great  interest,  Hjst 
pointed  out  by  Bernard^  that  at  an  early  perioii  of  intrauterine  existence 
tlie  liver  contains  no  glycogen,  althuugh  this  is  to  be  found  in  the  placenta^ 
the  epidermal  cells,  and  epithelium  of  the  intestine,  as  well  as  in  tht» 
lisflsages  of  the  glauds  developed  from  the  latter^  and  also  in  muscle 
(jj  170).  With  the  development  of  the  liver  the  disappearunco  of  glycogen 
commences  at  one  point  e^trly^  at  another  later,  contiuuiag  until  birth, 

4.  The  Urinary  Apparatus. 

§  269. 

The  urinary  apparatus  consists,  as  is  well  known,  of  two  glands ;  the 
kidneys  (designed  to  Beere tc  the  uriae),  and  a  system  of  excretory  pas- 
•sages  made  up  of  the  u reters ^  which  tei^ninate  in  a  common  reservoir,  the 
bladdet*t  and  the  urethra,  by  which  the  lluid  is  eventualJy  cairiüd  off  from 
the  latter. 

The  külnei/j  Hen,  a  large  bean-shaped  organ  with  a  smooth  aurface,  is 
covered!  by  a  thin  hut  strong  fibrous  envelope,  the  tunlm  propria^  whicli 
is  continued  on  to  the  external  surface  of  the  infundibuk  at  the  hdus, 
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whore 
enter* 


the    ureter   kaves    the  gland,    and   it«    nutrient    blood -vosaelft 


The  aulistaiice  of  the  kiJjiey  preseots  for  consideration  two  portions, 
naniel>%  the  coriieal  or  externa],  whieb  is  of  a  brownish  rod  colour,  and  in- 
distinct structure  to  tlie  naked  eye,  and  an  internal  paler  mtdulltirif ptMiöti 
of  fibrou«  appearance.  The  latter  is  marked  by  fine  lines  converging  towanie 
the  hilus,  and  conäist^  iu  most  mamnmb  of  aaingle  conoid  mii^e  with  the 
upex  towards  tho  hilns,  but  in  the  case  of  the  human  being  and  |Ug  this  ia 
divided  into  fro*n  10  to  15  »ectioiJ^  wliose  bases  lie  towards  the  cortical 
|mrt  of  the  organ,  their  apices  being  directed  towarik  the  hi  his.  To  these 
tlio  nauie  Mulpigkttm  or  m&lnllanj  pt/ramiJjf  has  been  gtvon,  Betweea 
til  em  the  ttorticul  suhstanee  u 
prolonj^ed  in  wards  in  the  form  of 
«*epta,  ktiowji  as  ihe  columncff 
Bertifii,  while  both  portions  of 
til«  organ  contain  intorstitial 
su&ten  tac  alar  con  nee  li  ve-tiasue. 

Notwithstanding  their  ^yant 
of  similarity  in  appearance,  both 
jjortions  of  the  kidney  consbt  of 
glan  d  ular  el  e  m  e  n  ts  rese  m  bling 
each  oihor  in  many  particulars. 
These  are  long  braoctiing  canala 
or  tubes,  known  as  the  urinifer^ 
om  tubeit  of  BdfmL  In  the 
tnedaUary  part  of  the  organ, 
however,  they  pursue  a  straight 
course  diverging  slightly  oj  run- 
ning nearly  paralleh  and  dividing 
at  very  acute  angles ;  while  on 
their  arrival  in  the  cortex  they 
commence  to  turn  and  twist 
upon  themselves,  and  jntertwin- 
ing  one  with  another  (jig.  507, 
f),  terminate  eventually  in  a 
blind  dilatation  (c^  which  ©UT«- 
lopes  a  peculiar  congerica  of 
vessela  (<?*,  c'). 

The  dilff^srence  of  texture  ob- 
served in  both  portions  of  the 
organ  is  thus  explained. 

This  is  all  that  was  known 
until  recently  alwut  the  structure  of  the  kidney,  and  much  difference  of 
opinion  existed,  besides,  aa  regards  the  relations  of  the  blöod- vessels  to 
the  several  elements  of  the  orgEU. 

We  owB  much  to  ilenle^oT  having  given  a  new  impetus  to  the  study 
of  the  histalcjgy  of  this  organ  some  years  ago  by  his  interesting  dis- 
coveries. He  found,  namely,  that  tl>e  medulkry  subetance  contains, 
besides  the  well-known  stnight  tubes»  with  acute-angled  division,  which 
open  into  the  pelvis  of  the  organ,  a  aeriea  of  finer  canals  arranged  in  loops, 
whose  con vcxitiea  are  directed  towards  the  apex  of  the  medullary  pyramids 
And  which  on  arrival  at  the  limits  of  the  latter  are  continued  into  the 
cortex- 


Flg^  M)!.'— hrmti  Uie  ewtAJc  «if  the  tiiuniui  kidnef «  «^ 
«rt«rlsl  twic  irlvlnr  otf  bmnehMi  ^  tn  tim  tim- 
K^TirM  «f  T«*i«lJi  t*.  €^ ;  e,  liferent  vmmI  nf  iht> 
liiit«r^   4  dilAtiMlDiiA  Dfi  tlihc  cftdi  «I  eiKituJittcij 
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But  Hmle's  work  on  the  subject,  begide«  elucitktLng  muck  Hmt  was 
moat  useful,  led  to  incorrerct  conclusionB  m  to  the  structure  of  the  eortex. 
It  served,  however,  a  great  purpose  in  provoking  a  series  of  farther  mwm- 
tigations,  and  thus  through  individual  exertions  the  views  oq  ihm  ettiio* 
mm  of  the  organ  have  undergone  since  a  moat  salutary  change. 

RfiiiAttKS.^1.)  Among  th«  older  esa&jB  oti  the  taliject  whidi  may  ha  «id  t» 

extend  up  to  \\ir  vear  1863,  we  fihdl  only  meEiti^t),  beside  tL^  German  works  of  Ctr- 
LvJl  Ztidwi^,  And  K&^Uiker,  those  of  Bmeiwi».  la  the  I'hiL  Trant.  Ad.  for  #Aa  yMf 
1812,  jit,  I  f.  57,  and  Johnstons  article  **  Jltn*'  in  the  C^düpedm  toL  ir,  p.  2SL 

§^70. 

Tumiug  now  to  the  medulkry  pyraxnida,  whose  apices  have  recelTed 
the  names  of  pftpiUcs  rmalMf  we  find  the  latter  studded  with  the  open* 
ings  of  the  excretory  canala.  The  number  of  these  oval  orifices  for  each 
papilla  is  from  10  to  30*  They  correspond  to  a 
fiiniilar  number  of  trunks  of  the  gland  tubes  (Ü^ 
508,  a).  The  latter  are.,  however,  Tery  short,  ami 
almost  in  the  immediate  neighbourliood  of  theur 
mouths  each  begins  to  divide  usually  at  very  acute 
angles  into  two  or  three  branches.  These  »fsin 
split  up  into  several  more  (ft,  <;,  c?,  e)  unlii  the 
whole  assumes  the  appearance  of  a  bunch  of  twigs. 
In  the  most  peripheral  groups  in  the  huinaii 
kidntjy  each  tube  presents  to  a  certain  extent  ih»  ' 
appearance  of  a  runner  with  somewhat  knotteij 
branches  creeping  for  a  greater  or  lees  distanoi 
along  the  ground  (Henle). 

With  this  rapid  sub-division  the  canals  hecome 
considerably  narrower*     Vil  bile  the  months  asd 
primary  trunks  possess  a  calibra  of  0  3-0^1ddf> 
mm.,    the    diameter  even  of  the  Jimt   series  of 
branches  sinks  to  0*1980-0  0090  mm.,  and  in  tht 
next  in  order  to  OOÖIO-O'ÖOI  mm.     This  bthii 
diatueler  of  the  uriniferous  tubes   at  about  two  - 
lines  from  the  apex  of  the  papillae,  and  whieh] 
they  continue  to  maintain  throughout  the  re^l  dTl 
their  slightly  divergent  course  through  the  medu!-' 
lary  substance.     Further  division  is  now  no  longer  remarked,  or  if  seeu 
ia  only  exceptlonaL 

The  increase  in  bnlk  of  the  mednllary  p3^mmids  towards  the  cortical  por- 
tion of  the  organ  is  partly  explained  by  this  division  and  subdivision  of  the 
uriniferous  tubes,  but  only  partly  so.  Another  factor  in  this  enlargement 
of  the  bases  of  the  pyramids  is  the  system  of  narrow,  looped,  uriniferous 
tubes  {Henit)j  which  appear  here  in  addition  to  those  opening  at  the 
papillse^and  to  which  the  name  oi cannh of  Henle  has  been  given  {KftfJitkcr). 
These,  from  0  04,  to  0*02  mm,  in  diameter,  pass  in  great  numbers  out  of 
the  cortex  intti  the  medullary  portion,  and  ate  here  doubled  back  upon 
themselves  sooner  or  later  {ie.^  at  a  greater  or  les;^  distance  from  the 
papdiaa),  forming  regular  loops.  Thus  they  return  to  the  cortex,  btH!oimng 
wider  in  their  course  back  again.  In  order  now  to  prevent  all  mi*ui^- 
deritanding  in  the  ratlter  complicated  explanation  of  the  arrangement  ufl 
parts  about  to  follow,  we  shall  apply  to  those  limbs  of  the  looped  i 


Willi  li«1ir»dch»  frooi  rhe 
mrdnlliiTy  lut^titni^  0t  a. 

fTftfU  Ili0  ^TsA  tu  the  mth 
f»rdi4;r     fMfiiftri»!    d  rawing 
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Vfhkh  kav6  tliö  cortex  of  the  kidney  the  tarm 
curring  back  again  that  of  rtcurr^nt  tubes. 

In  lig.  501)  we  have  a  rv presentation  of  these 
looped  canals  (d)  lying  betweßii  the  widely  g«pa- 
ratt?d  tubes  (i,  c}.  It  shows  Ukewia©  the  in* 
equality  in  the  di^tancea  from  the  papillie»  at 
whitih  the  smaller  tubes  turn  on  thom)S«lvea. 

It  fteenis  hanlly  necessary  to  femark  that  the 
luiraber  of  looped  tubes  increases  the  nearer 
we  approach  the  cortex  of  the  organ.     This  is 

li'shown  by  iranaverse  sections  of  the  medulhiry 

'  pyramids  taken  at  yarylng  heights.     2vear  the 

apices  of  the  papillce  but  few  cross-isectioiis  of  the 

looped  tubea  of  Henh  are  to  be  seen  around  the 

«ride  openings  of  the  straight  canals.    But  nearer 

'tlie  bases  of  the  pyramids  of  Mufpighi  the 
smaU  lumina  of  the  former  become  more  and 
more  uumenjus.  Again,  while  the  open  urini- 
feroas  tubes  are  at  tirat  arranged  close  to  one 
another,  aurrounded  by  circles  of  the  orifices 

[•of  the  looped  canals,  we  meet  thcin  further  out- 
ir&Fdi  with  largor  intervals  betweim  them,  which 
Rre  oectipicd  hy  cros^- section  a  of  the  tubes  of 
H^r.  in  gre-at  niunbers.  Rut  it  ia  not  only 
a  diifert-nce  in  diamet^^r  whifth  distinguiahes 
theae  tvfo  i^jstenia  of  urinifurou^  tnlies  from  one 
Another :  the  glandular  epithchnm  m  the  open 
canals  is  of  a  species  entirfly  distitict  from 
that  in  the  loc^pcd,  and  the  so-eaUed  mem* 
brana  jßropria  preaent^  aeve^AI  points  of  dlf- 
ferencej  though  of  a  less  marked  kind, 

Tb©  short  trunks  of  tlie  open  canals  have 
at  their  conimencement  oo  memhrana  propria ; 
thiOy  are  simply  bounded  by  the  fibrous  frame- 
work of  the  a[>ex  of  the  papilla\  Further  on 
a  dehcaUt,  trauaparent,  limiting  memhrajie  he- 
gins  to  he  apparent.  I'his  remains  throughout 
the  ram il;] cations  thin  Eiud  finef  preaenting  always 
a  single  nntlijie  uuder  the  microsrope.  The  case, 
however,  la  quite  difl'etent  with  the  Ioüj>ed 
canals  (tig.  5 1  ti^  </,  h,  c).  Here  the  membrana 
propria  is  etmnger  and  thicker,  and  exhibita 
under  high  magnifying  power  atltmble  contour. 
In  the  short  primary  trunk«  of  the  open  canals 
we  liud  an  epithelial  lining  continuous  with 
that  covering  the  aurfacea  of  the  papillie. 
But  the  cells  hem  are  clearer^  and  of  the  low 
columnar  type^  with  broad  bases  t timed  tow*ardB 
the  w^aila  of  the  tuh*\  A  considerable  hinien 
is  &till  left,  however,  fur  the  height  of  the 
cells  ia  only  0  0300 -0*0201  mm.  They  re- 
main thua  as  tar  as  the  branches  tif  the  first 
and  second  order  (Hunte).     The  last  system  of 


dt^cending^  and  to  those 


'r 


Fl  jr.  trim  —  Verden  ]  le^ilun 
ilitüfigh  ft  ifici^yllftTy  pjfnt* 
ritl«l  iif  f  Ijc  j^ts'»  Vl  I  ill  It"/  (httlt 
dliifrriinittiiiHi').  «,  trunk  uf 
mrknlfiMnu'i^  iuIhi  4>iwhttiit  an 
the  H|i  i>f  B  T'l  rnn^lit ;  ft  Rml 

ennui» ;  #,  ifii»rii]:iir  Isntji«;  mnd 
/,  blüEiclirfi  ot  the  fiiM  rcfli« 

branches  which  rtm,  bb 
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WO  have  seen,  undivided  for  long  diitancea  towards  tlie  bases  of  the 
pyntraids,  possesft  a  lining  of  gknd  cells  only  0  015S  nim.  higk 

^y  The  gknd  cell  of  thü  looped  canals  is,  on  tE<*  oilier 
hand,  in  the  deicending  axms  and  curves,  a  very 
Hat  pavement  element,  presenting  great  similanly 
to  the  endothelium  of  the  vascular  system  (§  87). 
Its  nucleus  also,  m  in  the  latter,  projects  slightly 
beyond  the  surface  {lig.  511,f/),  The  resemhltuiee 
to  these  Taecular  ceUs  is  really  very  striking* 

The  recurrent  tuhei*,  however,  ofHenIe*s  loops  com- 
mence sooner  or  later  to  enlarge»  and  from  this  on  the 
lining  cells  assume  a  diffeTent  eharacten  Instead 
of  clear,  flattened  elements^  the  ordinary  cubical  gland- 
eel  b  with  distinct  nuclei  and  granular  protoplasm  pre- 
sent theraselTes,  with  not  unfrequently  ill-defincd 
boundaries  between  each  one  and  il§  ueighbotjr. 
Hence  the  recurrent  arm  becomes  cbudy  or  gmnular 
in  appearance,  and  its  lumen  decreases  in  diameter 

These  points  are  very  well  men  in  fig.  511,  whk'h 
is  taken  from  the  kidney  of  the  in  fan  L  Here  uiwy 
be  recognised,  at  /.i,  the  transverse  eections  of  tlin 
open  canals;  at  l>,  the  clear,  ilat,  epithelial  celb  of 
the  descending  tohes  ;  and  at  c,  the  grajinlar  clouded 
gland  elements  of  the  recurrent  arm  of  the  loof>***l 
nriniferous  canals. 

We  muÄt,  of  course^  expect  to  find  the  mimber 
of  sections  of  tube^  tilled  with  dark  gland-cells,  increasing  more  and 
more  as  the  cortex  is  approached. 

The  clearest  insiglit  into  the  ar< 
rangement  of  parts,  jn&t  described«  i« 
to  be  obtained  from  preparationa  in 
which  the  open  canala  have  been 
injected  from  the  ureter  with  one 
colour,  and  the  blood-yes^ola  of  the 
medulla  with  another. 

Above,  at  the  termination  of  the 
medullary  substance  and  commence^ 
ment  of  the  cortex,  the  distinctive 
differencea  between  the  two  species  of 
tuhes  disappear  more  and  more^  as  far 
as  diameter  and  epithelial  lining  are 
concerned.  But  even  bene  injection 
from  the  ureter  exhibits  tlie  peculiari- 
ties of  the  two  systems ;  for,  though 
the  open  canals  are  easily  filled,  the 
urine-iecroting  looped  tubes  remain,  as  a  rule  (imless  special  moties  of 
treatment  be  adopted),  completely  devoid  of  the  llui<l  injected.  l*h# 
upper  portion  of  the  mciluilary  substance  assumes,  on  injection  of  thf^ 
blood- vessels,  a  deep  red  hue  for  a  considerable  depth.  Tins  is  thi^ 
fmundartj  layer  of  Hmih.  Its  daeper  colour  is  due  to  the  presence  of 
numerous  tnfts  of  radiating  vesaels* 


Fig:,  filD.— L*ju|>i'd  cKnaU 
fi Dill  the  iKUmX  pyramid 
of  All  Inf  ML  a,  6,  the 
iw«  mwmm\  «,  knothrr 


pfmintd  ol  «Ji  lnr«ni,  ^  collecting  tab«  wltti 
whrauMr  ep[rlT«lliim  ^  b,  dcwendlnK  Arm  pf 
A  looped  fJiiiAl  «Uli  f\ax  duUi;  «!,  reatiT?nt 
mrm  nrlih  ittniinlvr  epithi-Unl  elem^titi,-  d^ 
tfjiTiivfrrB«  secilnti  ot  a  l^ioad-veAiiüU  **  ftbroui 
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§27L 

Turning  now  to  the  eortical  mbstauce  of  the  kidney,  we  find  juät  ns 
peculiar  and  complex  an  armngement  of  parts  m  in  that  portion  "we  have 
"been  conaidering. 

In  vertical  sectionB  (fig,  612)  we  obierve  that  it  consjBts  of  tubea  twiat- 
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FIs^SH—VoilieAl  «crMon  thrttctfli  the  cortical  r>  '     !kl>lniMr 

true  con  b.il  iul»(anct!:  a,  collect  in  ft  tutw  «if  ry  pt^ 

ceitM;  ^  liner  tubus  at  ilie  lutieri,  e^  catunEnti  ii  (u'.irt  kA  Uie  cor* 
tlciil  «übttan»;  ü^  pctiplieml  Ikyfrr  i>r  \\iv  Utt^r;  t,  ui  ArMirJul 
tvl0r;  /^  jf JotDttirutl ;  I/,  trennltUm  [>r  urliil[i'r>viiA  riitj*«  hit«  «ti«'  of 
AsiraiuiiiV  €»piuJ« ;  A^  enveJape  af  thp  1tldni?j^  wlTJi  lit  Lymph^tli" 
Intrntleei, 

ttd  in te^rt wining  in  all  directiona  {B) ;  but  that,  besides  theae,  it  le 
ped  from  within  outwards  by  cylindricai  bundle«  (A)  of  about 
f>'2707-0%'J158  mm.  in  diameter,  at  rejfular  and  short  intervula.  These 
Lundks  or  cords  are  mnde  up  of  canals  of  different  calibre»  which,  in 
FLime  instances,  become  narrowed  in  their  course  outwards^  where  they 
are  P<<^t  in  convolutions  imniedlately  under  the  surfaca,  forminj*  there  a 
iiarrr*w  stratum  of  convolute«!  tubes  («/).  This  corttcal  stratum  of  convo- 
lutiMl  **lements,  consequently,  is  interrupted  at  inten^als  by  the  bundles 
of  straight  unniferous  tubes  (fig.  512,  A),  in  abnit  the  same  way  that  a 
boAfil  is  pierced  by  groups  of  closoly^fitanding  nails  driven  through  it. 

These  bundles^  although  discovered  long  agOi  have  only  very  recently 
T^ceiveii  particular  attention.     They  have  been  given  by  Bmih  the  name 
of  " pr^r*tmf*i  /)?'oc'j*/v^»"  and  by  Lnthu^g  that  of  *^  mt'dulhiri/  radiC 
34 
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FU.  &l»^&ecttoo  THmße)  wTtJt  the  farf»ee  of  tlit  eortleil  por- 
tkni  of  IM  lidQtf  df  in  In  runt  (hitlf  diiL^rrmmmmtLe]!.  d, 
mofveTW  HCthvn  of  ill«  «i1rilferi>i»  caDftU  »f  Ike  modtjJltrr 
proceue«  or  ndlt;  ft,  cani'O'lur««^!  tubc-j  of  tbe  true  eoitkÄI 
mbsiVK!«!  t,  gldmeiuli  «n«!  capsule»  uf  Boisma^k, 


We  sTiall  preaently  take  into  coDaideration  their  Bignificanc«  aad  becring 
a«  rogatda  the  caniUs  of  the  medullary  sabatance. 

I  If  Iffi^fc  ^^  mn-fy  if  we  like,  look 

^ j^~\        (ft  li^^t"?  upon  the  mass  of  th«  con- 

vol u teil  tubes,  Uiketi  aä  a 
whole,  as  UiviJed  into  a 
multilttUe  of  pyraoiidsii 
blockt  by  these  groyp« 
of  itraigbi  paftsagea^^ — ibt! 
1131868  of  the  hlocka  hrnxg 
ilirected  towards  the  ia^ 
(^ice  of  the  organ.  TheM 
may  bo  named,  as  Herd^ 
\nm  suggested*  the  ^^cüHi 
mt  ptjnitmtlj!.^ 

Such  a  division,'  how* 
evef}  h  artificial  f  an  a  cut 
parallel  with  thv  surface  rrf 
the  kidney  shows  (fig.  >  ?    - 
Here  we  remark  that  the  eo-calW  cortical  pjiumids  rmi  into  one  äuml^' 

with  the   greater  part  of  theii 
lateral  aurfacet  (&). 

Let  ua  now  turn  Uy  the  con- 
sideration of  the  eonvoitiUd  lube* 
of  which  the  greater  part  of  the 
cortical  m^m  is  compo^d. 

Ihom  whose  diameter  k  on  i 
average  about  0045 1  mm., 
dergo  no  farther  divi^on ;  tb 
outline  is  also  eingle,  «nil  tli 
meinbrana  propria  poseeisei  i 
aiderable  thickncsa,  their  ont 
being    in     almost    every 
smooth. 

The  eelli  of  the  eon  volute«! 
tubea  are  also  very  chumcirristii 
1  a  appearance .  Their  ^kmI  ies  i 
made  up  of  grannltir  cloudy  pr 
toplaam,  in  whiuh  fatty  molecule 
are  often  imbeddt^d,  increositig 
its  opacity.  In  diameter  they 
range  bütwe*in  0*0099  and 
00201  mm.  (Sehweif^jer-Stid^ 
Should  th0  preitaratiaiia  have 
been  treated  by  the  method  moit 
generally  in  use  at  pt«#eat, 
namely,  that  of  maoeratioo  in 
hydrochloric  acid,  the ootivi»lutv>il 
tubes  will  probably  app^r  dark, 
without  any  indicmtion  ofalam^n, 
and  not  nn frequently  without 
any  distinct  marking  off  of  one  gland  cell  from  the  other. 

The  mode  of  termination  of  the  onniferoue  tobe«  is  a  point  in  »gani 


Fl«.  DU,— Frejiri  the  cortrcal  pcrtloii  of  the  hitmftit 
kidtti^y,  a^  vterk4l  tiriif  ^Iviny;  off  the  mfletvnt 
blofkd-reawt  <A>  «f  tin?  fflomerulDi  (r»,  ü-'j  ;  e^  efTcrcnt 
"remiä  i»f  (In?  latter;  d^  CAfi»uSp  nf  Bovman  «p^Mlrji; 
into  m  iN>iiTotuled  urinifcmuj  mb«  uf  Ute  eort«x  c 


^ 
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to  which,  &l  flO  earlier  epoch i  the  moat  erroneoua  views  were  helU.  Thcj 
were  EUpposeil  by  eome  to  end  blind  in  tha  cortex^  and  by  others  to  be 
ooBtitiUüUö  one  with  another  by  means  of  loops  {Hamhtzc^  J,  Müller). 
It  WHS,  to  be  sure,  remarked  that  a  pecuhar  congeries  of  vessels,  known 
as  the  glomerulus  of  Malpighi  was  envelope^l  in  a  capsulti,  but  its  con- 
nection with  the  uriniferoQs  tul>ea  was  denied  in  the  mo«t  decided  inanner 
hy  tUe  diacovereir^  J,  Müllen 

In  the  year  1842^  howeTei*,  this  connection  was  demonstmted  by 
ßotcmfutf  who  seems  thus  to  luive  advanced  the  histology  of  the  urgaii 
by  sc  vend  decades. 

Let  us  now  turn  for  a  niomeni  in  the  mode  of  termination  of  the  tube« 
in  these  capsules,  kuiiwn  either  in  connection  with  Bimtmm^«  or  X 
Mulhr'9  names. 

It  is  not  unfrequently  seen  that^  on  iinival  in  the  neighbourhood  of 
the  capsules,  the  uriniferous  tubes  (fig,  514}  execute  a  series  of  very  rapid 
undulations,  more  or  less  in  oue  plane.  Farther,  that  imraediately  before 
opening  into  the  capsule  {d)  there  occurs  pretty  commonly  a  caustTiction 
on  each  tubule,  more  or  less  markeil^  and  for  a  greater  or  less  distance 
(tig,  515,  tf),  and  that  the  limiting  membrane  of  the  latter  runs  continu- 
ously iuto  the  apparently  homogeneous  tunic  of  the  cap*sule.  The  latter 
has,  as  a  cule,  a  diameter  of  about  0*1415-0*2256  mm-,  and  spheroidal 
figure,  It  may,  however,  present  itself  of  an  elliptuml  or  laterally  widened 
form,  or  eve  a  heart-abaped. 

In  a  very  thin  superHcial  layer  of  the  cortical  substance,  the  corftx 
c<?iiicis  of  Ili/rff,  neither  capsvdes  nor  glomerule«  are  to  be  found.  They 
are,  however,  very  immerous  in  the  cortex.  Their  ntimber,  as  estimated 
by  Schtütiff^er-i^ridelt  apfvear^  to  he,  in  the  kidney  of  the  pig,  about  6  to 
STE^  cubic  millimetre,  or  500,000  for  the  whole  coiiical  portion  of  the 
oigan. 

It  is  getiemlly  hidd  by  many  observers,  among  whom  Botctnan^ 
GerltMrkf  and  Koelltlccr  may  be  mentioned,  that 
Ihote  capsules  situated  deeper  in  the  kidney  are 
of  gi«ater  magnitude  than  the  others,  and  that 
those  nearest  tlie  bouudary,  between  the  cortex 
and  medulla,  have  the  greatest  diameter  uf  alL 

The  most  difficult  point  to  determine  in  regard 

Bvipman^s  capsule»,  h  the  relation  to  them  of 
le  vnscutar  glomerulue  and  the  cellular  lining  of 
the  interior. 

It  was  at  one  time  eupposed  that  the  veesels 
simply  |terfor«ted  the  wall  of  the  capsule,  and 
that  the  glomerulus  la}'  naked  within  the  cavity 
uf  the  latter*  Other  observers,  m  KofHik^r,  for 
iuatance,  supported  the  view  as  far  us  regarded 
the  perforation,  but  believed  the  glomerulus  to  be 


covered   over   by   tlie   eel  Is   lining   the   capsule. 


Another  theory  is,  that  the  knot  uf  vessels  is  re- 
ceived into  a  depression  in  the  capsule,  somewhat 
in  the  same  way  as  the  longs  ar«  received  into 
the  pleura.  From  my  own  investigations  I  am 
inclijied  to  accept  the  la^t  view  as  correct,  besides 
which,  it  is  easiest  reconciled  with  the  history  of  the  development  of  the 
part    (Remak)^       It   must,    however,   be   admitted    that  the   niembrana 


the    comn  ■  »ftftF 

KlaineitiJu«;  6,  ina.t-a'tJTtiii; 
d,  cr*B4Uon  of  qylAled  oil« 
tt  the  point  vf  t%it  vf  Ulf 
mluUerouf  tul>e«. 
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propria  of  the  capaul^  it  ercessively  thin  over  tbö  glomeruloa,  and 
more  like  a  homogeneous  conneetive-suhstance  or  delicate  botmdaij  layer 
of  the  whole. 

Ttirtiing  our  attention  now  particnkrly  to  th»  epithelial  linii^g,  w^-  it 
once  recognise  the  fact  that  tlie  thick  granular  gland  celb  of  the  conv^^^ 

luted  tubes  become  transformeilf  at 
the  entrance  to  the  capaule,  into  deli^ 
Date  pavement  epithelial  elements  (fig. 
515^^),  which  line  the  whole  intemtil 
surface  of  the  capsule,  and  niay  b 
easily  rendeted  visible  by  the  aid  of  a 
solution  of  nitrate  of  süver  (fig.  510, 
(j).  Among  the  lower  vertebrates  a 
number  of  ciliated  cells  are  arranged 
arountl  the  entrance  of  the  capoylev  ^ 
most  fragile  species  of  ciliated  ©pi* 
thelinm  (fig,  515,  d). 

But  the  cellular  layer  said  to  «xiM 
over  the  glomenilu£,  is  far  moi«  dif 
ticult  of  recognition,  and  has  not  ** 
yet  been  satisfactorily  demonstraUMl 
^uctel  are  easily  seen  in  this  situalioir, 
but  the  borders  of  cells  are  not  to  bi' 
made  out  in  the  adult  From  the  fact 
that  distinct  cells  are  seen  upon  tb« 
glomerulus  in  the  fcGtus^  it  has  ho^ 
supposed  that  they  may  Imve  beoomt» 
fused  together  into  one  homogeo«oa|j 
nucleated  membrane  (ScAt 
Seidel).  Other  observers,  on  th«  i 
hand,  have  described  here  a  complete  covering  of  distinctly  separat«  i 
and  have  even  put  forward  statements  in  regard  to  their  sire  aa 
pared  to  the  epithelial  cells  of  the  capsule.  Oar  ovm.  experience  inc 
us  to  the  belief  that  thi?y  are  correct  in  their  views  (fig.  516,/). 

I  272. 

From  the  pre€ed!ng  section  we  have  learned  that  tbe  convoluted  tub« 
is  an  important  element  of  the  cortex,  and  takes  its  origirt  from  ih« 
e&psiile  of  the  glomerulus.  Leaving  the  destination  of  its  oth^  end  fnr 
the  present  undecided,  let  us  turn  our  attention  in  the  meantime  to  \kkom 
other  coustituents  of  the  eortieal  portion  of  the  organ  whoee  podt 
and  coarser  structure  have  been  uln^y  touched  on  (§  270) ;  we  allude  I 
tlie  p^amid  processes  or  medullnrif  radtK 

We  may  easily  satisfy  ourselves  that,   in  these  bundles  of  at 
canals  we  have  before  u»  some  of  tlie  open  tubes  of  the  meduUai; 
pyramids,  which,  after  passing   through  the  so^^led   boundary  Isy 
arrive  either  singly,  or,  more  rarely,  in  twos,  in  each  of  the  processes,  and 
traverse  the  latter  from   below  npwards,  nearly  to  the  surface  of 
kidney.     These  passages,  remarkable  for  their  coni'iderähle  cnV 
5 IT,  a),  have  received  the  appropriate  name  of  colhcting  tH^*e^  i  . 
They  are  lined  by  transparent  low  columnar  epithelium,  which  we  havi 
türeaOy  seen  in  the  la^t  branches  of  the  open  medal Zary  canals  :  thk 
however,  less  charaeteristic  here  than  in  the  situation  just  at  laded  to. 


Pig.  «U.— A  «iDineniltii  Infill  %hB  rabtilt    0« 

TualfenBi;  6,  vu«a\eniu;  c,  glatBänilQBt 

Uieliaini  0;  ntck ;  /  «pllbeJtum  of  the  glo- 
nutmiltui;  uid  9^  tluui  of  the  la  tern a1  tiirfBca 
of  thfl  cjipsDifl  KiNtr  treAtinent  wItK  nltmt^i'Qf 
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E^qIi  of  tUüse  collecting  tubßB  is  accompanied  hy  a  n amber  of  Bmdler 
pOBÄigea,  These,  aa  we  shaJl  tee  presently,  are  tlie  descending  and 
recmrent  arms  of  the  looped  tubes  of  Henk,  which  are  consequently 
dismente  of  the  cortex  both  before  and  after  travereiBg  the  boundary 

Bat  what  becomes  of  the  collecting  tubes  on  theii  arrival  at  the  surface 
"of  the  kidney  f 


i— r 


s-\ 


Fl«-  M?,-^ Vertical  Mcdön  fttiRi  the 
ktäB^j  of  ttue  Gdftiet^pl^  {^yt\T^^- 
clilüJic  ifld  prvparHtlDn).  o^  rrnnfe 
of  %  cßUecttng  tube;  h^  IjFJuickici 
of  rhtrkiiie:  c,  forthqf  itiMl^^iiiiuii^ 
4^  ecn]V«Iat«d  c*nal  (lijit€rfiil»tcd 
tiortkiB);  «t  dvpeifiiaUis  fcrtn  of  » 
loop  Miträ^  /,  lof'p;  fl,  rccmT*mE 
urtn;  And  A,  CDnllDUtlcni  »e  cu>n- 
viilatied  ndaUeimti   mb«  of   ibe 


FJg,  lis— Tlio  t]fp«T  prvriioni  of  t  m«i«!n1- 
\mTf  »y  from  itie  kidiii^  of  Lhu  ptjp;  « 
«rid  i4  lOHQmUed  coil«Krllvig  (ill}««;  A,  their 
«relied  brftBch^  uid  continiLsTloii  ■!  £, 
Into  the  dw^ifiMting  »rm«  of  the  Imupcd, 


Maceration  m  acid  (llg.  517)  enables  us  to  convince  ouiselvee  that  on 
their  arrival  here  they  give  off  numerous  branches,  and  eventually  break 
tip  into  archingi  and,  not  unfreqitently  coiled  tubules  (d).  The  latter 
majr  preaeot  in  smaller  animals  a  rugged  appearance,  not  seen  in  larger 
(M'eatnre^  These  are  the  **  intercaJateil  portions  '*  of  BdtueiggerBfidrl  or 
*' connecting  canals  '*  of  Hoik. 
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iö  the  dog  mid  pig,  for  instance,  I0  the  latter  animal  the  breaking  up  of 
Ihe  coOecting  tubes  itito  a^fching  ramifieationa  (6)  is  easily  recognisable. 

It  appeaja,  moreover,  that  loopa  of  cotiLmiini(;atiQtt  Dever  occur  between 
the  raiTiitieations  of  0116  collecting  tulie  und  those  of  another,  although  we 
might  sometimes  be  easily  led  to  Wlteve  otherwise  in  thick  sections  of 
injected  kidney«. 

It  was  such  deceptive  appearances  which  tempted  Iknh,  after  he  bad 
been  euccessi'ul  in  filling  th«  renal  tubwli  so  far,  through  the  nretersi»  to 
the  conclusion  that  the  terminations  of  the  strait  canals  which  open 
at  the  apices  of  the  pap  ill®  lay  before  him  j  and  fartht^r,  that  a  system  of 
tubes,  distinct  from  these  open  passagea,  and  in  no  way  communicating 
with  tlieni,  is  formed  by  the  convoluted  uriniferoui*  canals,  eapule  of 
gloroemlus,  and  looped  liihuU  of  the  meilulla. 

Both  modes  of  procedure  mentioned  above,  namely,  that  t^f  macera- 
tion in  aeid,  and  that  of  complete  artificial  injection,  show  that  serit« 
of  passages,  of  various  förmig  spring  from  the  arches  just  mentioned,  and 
also  earlier  still  from  the  collecting  tube  itself.  These  it  is  (tig.  518,  r) 
which,  arriving  in  the  medulla,  somewhat  decreased  in  size  (fig.  517,  A»  9)* 
form  there  the  descending  arms  of  the  iacped  tubes  of  Himle  (fig.  517, 

Here,  then,  we  have  the  origin  of  the  descending  portion  of  the  looi*s, 

If  we  now  follow  it  still  farther — to  repeat  a  former  description — wii 
find  it  (fig.  519,  #")  advancing  into  the  medullary  substance  for  a  greater  or 
less  distance,  and  then  cui^ing  round  on  itself  (/),  pursuing  the  same 
course  hack  again  to  the  medullary  process  (g,h}.  At  the  same  time  its 
diameter  increases,  as  already  stated,  arid  its  lining  of  cells  changes  in 
character*  Arrived  here  it  turns  off  side  Way  Sj  sooner  or  later,  to  become 
a  amvoluttd  tube  of  the  renal  cortex  {*),  terminating  eventually  as  such  in 
one  of  Bowman* g  capsules. 

We  BOW  have  the  whole  intricate  course  of  the  uriniferoua  tubes 
before  usl 

In  some  few  instances  we  may  he  fortunate  enough  to  succeed  in  driv- 
ing the  injection  fluid  as  fjir  as  the  capsules. 

It  seems  almost  superfluous  to  add  another  diagram  (fig.  520)  for  the 
purpose  of  once  more  tracing  the  course  which  the  secretion  must  take 
from  the  glomerulus  outwards. 

From  Bowmarii  capsule  (a)  the  fluid  escape«  into  the  convoluted  tuli« 
(&),  which,  after  numerous  twists  and  curls  in  the  cortex,  arrives  in  the 
I.  medullary  substance,  where  it  pur- 
ines a  straight  course  (c).  Lined  by 
its  own  peculiar  epithelium,  it  tm- 
verses  the  medullary  pyramid  in  u 
direction  more  or  less  directly  down- 
wards, then  forms  a  loop  (r)^  and  re- 
turns to  the  cortex  (rf).  The  recur- 
rent  arm  so  formed  alters  sooner  or 
later  in  character ;  it  becomes  wider 
and  more  tortuous  (e),  and,  together 
with  other  similarly  constituted  tube«, 
empties  itself  into  the  collecting 
canal  (/),  which  uniting  witi*  adja- 
cent passages  of  the  sauie  order  at  acute  angles  (f/,  h\  pours  oiit  thn 
urine  ünally  at  the  apex  of  the  papilla  {i).     Many  etforU  have  been  made 


rig.  iiL 
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to  aÄcertaiii  the  length  of  tins  very  tortuowa  pftsaage  tlirough  wiiich  Üiü 

^  uriBe  iniiet  flow,  and,  from  Vha 

calculations  of  Sehtteiggtr-Sei* 
ädt  it  would  ap|n*Ar  that,  tmm 
BotPnian's  capsuSe  to  the  lip  t( 
the  papilla  i&  about  2^  mm.  in 
the  Guinea  pig,  35-40  m  tliö 
cat^  and  about  52  mm.  in  buul 
Turniiig  now  to  the  fuMOh 
tacbtlar  sulj^tanrü  of  ih^e  Teiy 
intricate  glandular  pftassgos,  «t 
ti&d  that  it  consists  of  m  email 
but  by  no  means  unvarying  J 
amoimt    of    fibrous     strntui^jl 
throDghout  tho  whole  otgm* 
In  the  cortex  it  consists  of  pat- 
titioDS  composed  of  cannectivi*. 
tiBBue  elements,  with  homog^»»! 
iieoua  or  streaky  interoellu 
matter,  which  is  somewhat  t 
abundant    in   the    neighboui^l 
hood  of  the  adventitial  lamijui^ 
of  the  larger  blood- vessels  and 
Bowman  is  capsules,      At   the 
surface  of  the  organ,  also,  ttittJ 
stroma  preeenis  itself  m  loosai 
areolar  tissue,  and  is  continuout 
here  wilh  the  taps  tile  of  Uie 
kidney.  The  sostenlactilar  sub- 
stance is  Bomewhat  (inner  ittj 
the  medullary  rays  than  da^^i 
where.     It  appear»  to  attain  i tal 
highest  degree  of  development] 
though  this  ts  always  but  of  «1 
very  low  order,  in  the  ruednl 
lary  iiibetance  (fig.  52 1»  <").    U 
may  be  well  s&eu  in  sectious  of 
kidneys  hardened  in  alcohol  of^ 
chromic  acid*  the  siiclion«  hav-' 
Ing  been  well  brushed  out,  and 
hy  the  aid  of  maceration  in 
hydrochloric  aeid  the  st«llate| 
connective-tissue  cells  may  b#' 
isolated   very  clearly,   as  has 
been    *^hown    bv   Schteei^^r' 
Bcidd. 

§  273. 

We  have  now  to   conaidef  ^ 
the  hlood-v&sseh  of  the  or 
which     eidiihit    considerable 
pectüiartty  of  arrangement 
A^  a  rule  both  arterial  and  veinous  trunks  enter  the  human  kidney  et 


fVg,  £31 — FlMü  of  the  tilrcniüAtlrtn  ttt  tbe  kkdnfy  (mitcli 
■li«rteiked^  L  Exbema]  porilonoreortvii*  2!  Cortex. 
3.  Baujiitftrr  iMytt,    4.  Medqlla.    A.  Apei  of  ^pUla. 

C  9ai^*r*m  and/  oaplllarj  netwoik  dF  th«  ctirlic^; 
f,  tbe  vat  ^^frint  of  a  dee^|i«T-ie^ed  f^lamTiLliii;  A, 
«rlfpinia  rwta  ;  i,  Tcaova  rAilidcof  th^  iurfftoe  ■  ^eapil' 
luloi  of  tbe  cnfrduJLu^  proct*»;  /,  of  I  he  eonvolut^d 
twbfliT  m,  wnitte  nds;  ft,  mcduLLirj  cxpUlArlcai  &, 
MtwOfSi  «fmuid  the  openLDgi  «f  tbe  nrlinirtroui  tub». 


ttiUdlut,  having  previously  divided,  after  wbioli  their  aubdivigioii  ia  con- 
ti nued  immediately  within  the  organ.  li^n\  afttT  giving  twigs  to  the 
fibrous  envelope  of  tlie  orgun^  they  pierce  the  Utter  external  to  the  iiifua- 
diljuluTn,  eacL  arterial  twig  be- 
ing usually  accompanied  by  a 
large  venous  branch. 

In  tins  way  they  advance  be- 
tween the  aevt^nil  medullary  pyra- 
mids as  far  as  the  hoses  of  tlie 
latter.  A  i  this  poi  1 1 1  hu  tli  kin ds 
of  vesaels  give  üÜ'  curving 
branches,  forming  Imperfect 
archer  among  the  arteritsSj  but, 
on  the  other  hand,  complete 
anastomotic  rings  on  thö  veinB. 

From  thest^  arterial  archea 
those  branches  spring  which  bear 
npon  them  the  glomemli  of  the 
cortical  substance  (tig,  522,  a). 
They  pass  in  generai  through  the 
axial  portiun  of  thtise  blocks  of 
cortical  tissue,  hounded  on  öither 
side  by  medullary  prticesses  (the 
«ortical  pyramid«  of  lit^nle)^  giv- 
ing oir  towards  the  periphery  thts 
afftJient  vessel«  of  th«  glomeruU 
(tig.  523,  ii,  I.;  512,  eji  522, 

Kaeh  of  thes«  vasä  aSertintiä 

Bubdkvided   at    an   acutu    angle 

within  the  glonierulea  of  man  and 

the  nianinialia  (tig.  524,  t,  c^)»  and  gives  origin,  after  coiling  and  twist* 

ing  there,  to  thü  vas  elTerens,  by  the  union  of  the  small  brunches  »a 


Fiff.  saa. 


fdnnod  (fig.  ß22,  d;  626,  «I;  527).     In  tho  lower  vertebrates,  as  for 
iBMnDce  in  the  adder  (fig.  525),  the  vaa  afferens  (a)  commences  to  curl 
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upoa  ifcaelf  without  undoTj;oiog  didaion  {f),  leaving  the  capsule  ma  m 
öfforent  veÄsel  (b). 

In  man  and  the  mammalia  llib  cITerent  vessel  breaks  up  Inta  a  net- 
work of  fine  capiUaries,  with  elongatui!  niifsliFS  suirouiiding  tlie  *tr.i  .^ 
urinifeifma  canala  of  the  mediilkr^^  radii  (tii,^  522,  k  ;  526,  t*).     l*ttjtn  i 
periphery  of  this  network  a  mullitudo  of  «tome-iiliitt  widwr  tulKis  ig  givtu 
olf  (fig*  622,  f;  526,/),  which  encircle  with  tht^ir  roimdcHl  mifsheä  lln 

convoluted  urinrferoiia  tube*?  (i)  ottJif 
cortiml  siib&tanee  proper  {or  cortital 
pjrimida  {Stains  AV^),  and  others). 

The  most  external  layer  of  tlie  cor- 
tox  ia  destitute  of  jlMitifffuftn  glome- 
rulL  It  receives  its  capillaries  (fig. 
522,  /)  principally  from  the  efFcrent 
vessels  of  the  fiuperliciul  glomcniU 
(e%  and  to  ft  smaller  extent»  and  un- 
doubtedly in  only  some  of  the  uiam- 
maha^  from  certam  terminal  t\\'v;r?i  of 
the  arteriea  supplying  the  .1/ 
bodies,  which  pasä  forward   i  ,     ' 

this  layer  of  the  cortex. 

Immediately  undenieath  the  cap- 
sule microscopic  venous  mdicab  m»y 
he  recognised  (t)  in  the  form  of  abellate 
figures  {sUUutm  VerheTfenti)^  Other 
venous  twigs  take  their  origia  detpct 
in  the  cortical  tissue  (fig,  52%^  ft), 
aad  both  of  these.  Joining  usually  to  form  lai^er  trunkf»^  empty  tbemaelvee 
at  the  boundary  between  cortex  and  medulla  into  the  venou«  arches. 

Tliose  long  bundles  of  vessels  which  appear  in  the  medullary  substance 
at  its  boundary,  between  the  uriniferoua  tubes,  running  from  thence  dawn - 
wardSj  ami  either  commuuicatiug  with  each  other  in  loops,  or  forraiiig  a 
delicate  network  around  the  mouths  of  the  «rinifei^jus  canals,  at  the  apex 
of  the  papillfe^  are  known  by  the  name  of  the  ram  r^eftt  (fig.  500,  e,/, 
and  522,  /*,  ^r,  m). 

Between  these,  accorLÜng  to  Ludwitj  and  Zfitrtnyktn,  tliere  is  inter- 
posed another  large  raeahed  capillary  network  of  finer  tubea  {«)*  ThL^  ia 
a  continuation  of  the  oval  network  which  encircled  the  straight  urini* 
ferous  tubes  of  the  cortex.  There  still  exists,  however,  great  diHerenee  of 
opinion  as  regards  the  origin  of  tlie  vasa  recta.  In  our  opinion  th(»y 
partake  partly  of  the  arterial,  partly  of  the  venous  nature ;  hut  in  vnany^ 
though  not  the  greatt^r  number  cif  cases,  more  of  the  latter  than  of  the 
former  springing  from  the  capillary  network  of  tlie  corticial  eubtitance  (%^ 
52J./). 

They  are  joined  tlien  by  the  tfim  ffff^rmiifi  of  the  deeply-seated  glome 
ruli  (fig,  522,  g ;   527,  e,  /,  /i),  which  possibly  constitute  their  me 
important  source  of  supply. 

The  number  of  arterial  twigs,  on  the  other  hand,  is  quite  ineonsidur 
able  aa  far  as  we  have  outlet ves  ohserved,  which  am  given  olf  from  th«: 
branches  bearing  the  glomerules,  but  before  the  latter  are  formtjd,  and  whi^^h 
sink  as  arteriolse  reetse  into  the  vascular  portiou  of  the  medulla  (%. 
522,  A;  528,/). 
-As  we  have  already  remarked,  the  subdivision  of  stronger  trunks  to 
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fomi  Uie<se  va^  recta  givE^s  lise  in  many  iustaiiües  to  YasculaT  tassela  or 
bundles, 

Tho  conflucüce  of  the  returning,  etraiglrt 
venous  vereis  (tig.  522,  m),  takes  place  in  n 
manner  ptecisdy  similar.  They  comnietice 
juiitly  as  loops  ant)  partly  as  capillaries  uf  tho 
medulla.  Others,  too^  spring  from  a  sjiecial 
capillary  network  of  larger  tubes,  «ituati^d  at 
tho  apices  of  the  papillae  (o).  They  etnpty 
thems«:*lvea  Jin  ally  into  the  arching  veins, 
already  mentioned  above,  ae  lying  at  the 
Ijoundapy  between  cortex  and  medulla* 

All  earlier  eflbrts  to  inject  the  li/mpkatks 
of  the  kidney  J  by  tlio  method  of  puncturej 
were  unattended  with  success,  and  it  was  not 
until  Ltidwin  ajid  Zmcmujlln  haii  invented 
a  pt*culiar  mode  t^f  ]>rocedure  that  it  was 
efrectecl.  The  kidney  choRcn  io  be  oporated 
nn  was  that  of  the  dog. 

The  lymphatic  canab  of  the  parenchyma 
occupy  the  interatices  of  that  areolar  tissue 
which  we  know  to  exist  immediately  under 
the  capaule  of  the  organ  (llg,  512,  t).  Hero 
they  communiimte  eicteni&Uy  with  other  ves- 
sels of  tlie  fibrous  envelope,  and  penetrate 
internally  through  interstices  iu  the  connoc-  H11I 
tive-tiösue  stroma,  passing  between  the  \irini- 
ferous  tubes  and  around  the  capsules  of  Bot&^ 
man  and  tinor  blood-vessels  towards  the 
deeper  portion  of  the  organ.  Bnt  though  in- 
tercommunication  between  the  lymphatics  of 
the  cortex  exists  very  freely^  the  line  absorbent 
vessels  of  the  niedtdlary  jirocesses  can  only 
be  filled  with  some  difficulty,  and  atill  later 
those  of  the  medulla  itself.  The  whole  arrangement,  indeed,  resemble«, 
to  a  great  extent,  that  of  the  lymphatics  of 
thti  male  generative  glands,  the  testes^  to  b*» 
referred  to  again  below.  The  canals  collect- 
ing the  lymph  iu  the  cortex  take  precisely 
thts  same  course  as  the  blood-vessels  toward b 
the  hi  his.  They  only  commence  to  present 
valves  iu  the  vicinity  of  the  latter,  where 
sevemi  very  large  tniuks  may  be  seen* 

The  7i€nw9  of  the  kidney  belonging  to  the 
sympathetic  system,  and  springing  from  tlic 
plexus  renalis,  enter  with  the  arteries  of  the 
organ.  Their  course  and  mode  of  termina- 
tion, as  well  as  their  relations  to  the  pro> 
cesses  of  secretiont  are  however  entirely  nn- 
Known. 

The  development  of  the  organs,  as  tnvesti* 
gated  by  Hmtak^  takes  place  from  the  lowest  part 
tube,  iu  the  form  of  hollow  buds^  composed  of  a  portion  of  the  intas- 
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tinal  gerniiüal  plate^  with  an  external  Jibrous  layer,  oonseqtiently  in  the 
same  manner  as  the  lutigs  (§  243),     Sabsequentlj  the  tiriiiifemija  tml 
are  developed  fi'om  this  system  of  cavities,  in  tUe  form  of  eolid  bondftj 
of  cells,  which  become  hollow  afc  a  later  stage  of  developitjent,  acqu 
at  the  saraw  time  a  nien^brana  propria.     The  results  of  Enpffcrs  ot 
vatious,  liQWever,  would  seem  to  point  to  dtlferent  eoncJusioiii.    According  j 
to  bim  the  organa  in  question  ai*e  lirst  developed  in  the  form  of  sacc^iles^ 
on  the  passages  of  the  primordial  kidneys  or  IVt^ßan  bodiea. 

§274 

From  tbe  investigations  of  Frerkhs,  it  would  appear  that  tbe  kidnnf  i 
(whose  sp.  gr.  is  placed  by  Ktame  and  FLscIier  at  1  *Ü44  for  the  medolli'  ] 
and  r049  for  the  cortex)  containa  from  82  to  8370  per  cent  of  water. 
Of  tbe  18-16*30  per  cent,  of  solid  constituents,  albumen  seems  to  be  tba 
largest  in  amount.     The  proportion  of  fatty  matter  is  from  0^1  to  0-61  • 
per  cenL     The  tissue  of  the  organ  is  alkalii^e  here  also  during  bfe,  mud' 
acid  after  death  (Eühfi^)*     As  to  the  composition  of  the  gland  elements, 
we  know  that  the  membraua  propria  partakes  of  tbe  nature  of  th^i  elastic 
eubstance#>  while  tbe  contents  and  whole  aubatance  of  tbe  cells  must  be 
looked  upon  aä  albuminous.     The  fatty  molecules  observed  in  thd  cclJ 
bodies  explain  the  amount  of  adipose  matter  found  in  tbe  organ,  whkk 
varies  considerably, 

Tbe  decomposition  products  of  the  kidney  found  in  its  juices  are  of 
some  interest     Among  them  appear  Inosite,  hypoxanthin,  xanthtn,  and 
at  times  leucin  in  considerable  abundance  (Siaedtler),     Farther,  in  tbe 
dog  kreatin  is  to  be  found  {M,  Ilentwmn)^  in  tbe  ox,  cyetin  and  taaim^ 
(CloeWa).     Moat  of  these  matters  probably  pats  oEin  tbe  urine, 

The  uriwA  is  designed  to  carry  otf  from  the  body  the  greater  part  of  all 
tbe  water  received  into  it,  as  well  ai  the  principal  products  of  the  decom- 
position  of  bistogenic  Bubstances,  and  also  the  excess  of  albominoua 
matters  received  into  the  system  as  food.  Finally,  it  ebmi nates  all 
mineral  constituents  set  free  in  the  iatercbange  of  materia  in  the  animal 
economy,  together  with  any  excess  of  salts  which  may  be  present  in  the 
alimentary  matters  Taking  all  this  into  consideration,  and  especiallj 
that  its  composition  is  materially  influenced  by  tbe  nature  of  the  alimentary 
matters^  as  far  as  quantity,  waterinees,  and  chemical  constituents  are  con- 
cerned, we  can  easily  conceive  that  it  must  be  subject  to  considerable 
variation  even  in  normal  states  of  the  system,  a  variation  which  may 
become  even  more  strongly  marked  under  pathological  conditions,  or  the 
influence  of  drugs  which  are  partly  eliminated  through  the  kidneys. 

HeEdtby  urine,  freshly  secreted,  is  a  light  yellow  Muid  of  acid  reaction^ 
bitter  taste,  and  peculiar  odour.  Its  sp,  gr,  varies  greatly^  according  to 
the  proportion  of  water  contained  in  it,  and  may  range  from  1  '005  ttj 
1*030,  but  usually  lies  between  1/015  and  l'OÜO.  The  amount  of  urine 
secreted  in  the  course  of  the  day  varies  also.  It  usually  exceeds  some- 
what 100Ü  grammes,  and  may  rise  and  fall  between  1200  and  1800. 

On  cooling  a  light  cloud  is  generally  found  in  animal  urine,  consisting 
of  mucus  B*jcTeted  by  the  urinary  passages,  especially  the  bladder,  together 
with  the  characteristic  flattened  epithelium  of  these  parta,  and  a  few 
ma  CO  us  corpuscles. 

The  acid  reaction  which  human  urine  exhibits  when  just  ?oided,  de- 
pends not  upon  tlie  presence  of  oDe  or  more  free  aetdSt  for  such  are  not  to 
h%  found  in  it,  but  upon  acid  salts,  and  especially  on  pbospliate  of  aodiimi. 
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The  roUowiDg  are  the  principal  constitiienta  of  urine,  as  far  Bs  the  pre- 
sent atftte  of  Bclenco  enables  iia  to  eaumerato  them  with  any  cerUinty : 
urea,  kreatin,  and  kreatinin,  xanthin,  and  hypoxanthin,  uric,  Injipuric, 
ajid  oxalic  acids,  extractives,  colouring  matters,  iudican,  and  salts,  ürapo 
sugar  is  prohably  also  constantly  present  in  tho  urine  {Brür.kc)f  as  well  im 
oxalic  acid  {combined  with  lime),  phenol,  and  taurol  (*St<pdder).  The 
whole  amount  of  solid  ingnidients  viuiea  much  in  the  coursö  of  the  day, 
ranging  from  40  to  70  g^mme». 

Ureu  (§  28)  is  found  in  tbo  Jarjj;e  proportion  of  from  2 '5  to  3  per  cent 
in  normal  nrintj,  or  to  the  amount  of  from  25  to  40  gmmmes  per  diem< 
TbiB  can,  however,  only  be  regarcltjd  as  an  approximate  estimate,  Ite 
quantity  ia  not  increased  by  muscular  exertion  ( Voit)f  contrary  to  an  old 
and  widely-spread  theory.  But  under  a  diet  consisting  largely  of  animal 
fooil,  it  rises  in  amount  ranging  from  52  to  53  grammes,  and  after  purely 
vegetable  food  or  complete  abstinence,  ita  quantity  becomes  conaiderably 
diminished,  and  may  only  amount  to  about  15  grammes,  or  even  less,  per 
diem  {Lehmann),  Copious  draughts  of  water  and  excretion  of  the  latter 
tb  rough  the  kidney  also  increases  its  amount,  Ui-ea  is  the  most  important 
cud  product  of  the  nitrogenous  tissue  elements,  and  consequently  uf  tho 
albuminous  aubst^inces  introduced  into  the  system  with  the  food.  It 
appears  in  many  Ci^spjj  to  be  derived  from  uric  acid,  a  fact  not  only 
supported  by  the  nature  of  its  chemical  constitution,  but  also  by  tho 
observations  of  Wohler^  FreridiS^  an<l  Z^iUlifif  that  the  injection  of  uric 
acid  into  the  circulation  increases  tlie  amount  of  nrea  excreted  w*ith  the 
urine.  Kreatin,  however^  has  also  been  i^garded  aa  one  of  its  sources. 
The  introduction  J  also,  of  certain  other  bases  into  the  body  occasions 
likewise,  it  i»  believed,  a  rise  in  the  quantity  of  urea  eliminated.  These 
are  glycenn,  guanin,  and  alioxantin. 

Uric  arid  (|  25)  presenta  itself,  on  the  otlier  hand,  in  far  scantier 
amount  than  urea,  fn  round  numbers  its  proportion  may  be  slated  as 
about  0  1  per  cent.,  and  its  quantity  for  the  whole  day  Irom  ti'5  to  OQ 
grammes,  descending  even  no  low  aa  0'3  grammes.  Under  similar  eon- 
tlttiona  to  those  alluded  to  in  discussing  urea,  its  amount  rises  and  falls 
analogously,  though  not,  perhaps,  to  the  mme  degree.  It  is  contained  in 
large  quantities  in  the  urine  of  the  lower  order  of  mammala.  It  frequently 
presents  itself  in  very  large  quantities  during  fevers,  accompanied  by 
great  disturbance  of  the  functions  of  rt^piration,  a  fact  whicli  lends 
additional  support  to  the  theory  already  alluded  to,  that  the  formation  of 
uric  acid  is  but  a  preliminary  step  to  the  formation  of  urea.  As  to  whet^ 
it  is  generated,  we  know  as  little  as  of  urea.  The  products  of  its  physii>- 
logical  decomposition  are,  besides  urea,  allantoin  (§  29),  oxalic,  and  car- 
bonic acids.  Strecker^s  discovery,  also,  that  the  decomposition  of  uric 
acid  giirea  rbe  to  giyein,  promises  farthei  light  on  this  subject.  Uric  acid 
is  supposed  to  exist  in  the  urine  in  combination  with  soda,  held  in  solu- 
tion by  acid  phosphoric  acid.  The  sparing  solubility  of  its  salts  ia  the 
cause  of  those  sediments  in  the  lu'ine  observed  so  frequently  on  the  cooling 
of  the  latter  in  a  saturated  condition.  The  roife  coloured  or  brick  dust 
precipitates  so  formed  consist  of  unite  of  sodium. 

The  Appearance^  further^  of  one  of  the  decomposition  products  of  uri* 
acid  in  the  urine  is  of  great  interest ;  this,  oxalic  acid  occurs  conihined 
with  ammonia  {Schmtkf  Neubauer). 

HippuiHc  acid  (§  26)  appears,  under  normal  conditions,  to  occur  in 
but  small  quantities  in  human  urine,  and  to  have  a  double  origin.     In  the 
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fipsb  plüca,  it  poBseasei  the  lyiture  of  e  decompcysition  prod  act  of  the  mtrch 
güDous  conatituenta  of  the  body,  whit; h  is  indicated  by  the  production  of  ben- 
Kaic  acid  and  oil  of  hitter  almond  a  by  the  oxidation  of  albuminous  mattersw 
Thie  Poun!e,  however,  w  not  its  greatest,  for,  after  a  purely  fleshy  diet,  iti 
amount  ginks  to  a  minimum,  lo  the  next  place^  it  takes  its  origin  front 
vegetable  food,  which  yields  the  unnitrogenons  constituent  of  the  acicL 
Consequently,  its  amount  is  much  iiicreaae«!  in  man  by  a  vegetable  dieL 
It  is  also  very  abundant  in  the  urine  of  the  berhivora,  while  again,  that 
of  the  calf  ia  quite  free  from  it  so  long  as  sucking  ( Wühler*).  It  has  been 
already  mentioned  that  benzoic  acid,  oil  of  bitter  a]mond3,  cinamic  and 
kinic  acidfj  and  oil  of  tolu,  when  taken  into  the  stomacb,  are  eliitiiiiated 
by  the  kidneys  as  hippuric  acid  (§  26). 

The  nitrogenous  port  of  hippuric  acid,  which,  on  combination  with 
water,  eeparatirs  in  the  form  of  glycin  (§  33),  is  originally  a  product  of 
the  decomposition  of  the  glutin-yi elding  tissues  in  all  probability.  We 
are  not  yet  sure,  however^  in  what  way  its  construction  takes  phicCp  or, 
in  other  words,  how  bippm-ic  acid  is  generated.  It  waü  eupposed,  somft 
yeaiB  ago^  that  the  process  was  carried  on  in  the  circulation  of  the  Hv« 
(Kühne  and  Ilallwrrcfis).  It  baa  been  eho^n,  on  the  other  band,  mort* 
recently  by  Meismier  atid  Shepardt  that  the  acid  is  probably  formed  in 
the  kidney  itself  exclusively. 

Oxalate  of  eakium,  as  already  stated,  is  possibly  constantly  present  ia 
very  small  quantity  in  normal  urine ;  at  all  events,  it  appears  very  com- 
monly there.  The  frequent  appearance  of  oxalic  acid,  also,  coincidentlj 
ivitll  the  decomposition  of  uric  acid,  is  a  point  of  some  interest  (p* 
35).  Kreatin  may  likewise  play  a  part  here.  Of  one  point,  however, 
wo  are  certain,  that  oxalic  acid  may  take  its  origin  from  vegetable  ali- 
ment 

Carbolic  and  tau ry lie  acids  (p.  36)  are  also  possibly  constant  coit* 
stituents  of  human  urine  (Staedeier). 

We  now  come  to  two  substances  with  all  the  characters  of  deooiil|i 
tian  products  of  .Ditrogenons  tissues,  namely,  of  muscle  and  nervöHi" 
matter  ;  we  allude  to  kreatin  and  kfeatinin  {§  30).  The  latter  is  alwayi 
to  be  found  in  human  urine  (Neubauer^  MunÄ^),  in  which  krf^tin  may 
also  be  pre^^ent.  Both  bases  are  almost  invariably  to  be  met  with  in  the 
urine  of  dogs  (FojV,  Afeiasner),  In  considering  this  subject,  sufficient 
weight  must  be  given  to  the  fact  that  kreatin  is  converted  into  kre-atiniji 
by  tiie  action  of  acids^  whilst  the  latter  may  be  transformed  into  the 
former  by  contact  with  alkaline  solutions.  Their  presence,  then,  in  acid 
or  alkalbie  urine  must  be  judged  accordingly.  The  amount  of  ihe^se  two 
substances  increases  greatly  under  an  abundantly  fleshy  diet«  InjectiMi 
also  into  the  blood  they  are  eliminateii  with  the  urine  (Meimmer),  In 
starving  animals,  likewise,  in  w^hich  combustion  of  their  own  muscular 
tisane  is  going  on,  the  quantity  of  both  alkaloids  is  found  to  rise  ( Vait^ 
Meismier).  Muscular  exertion,  on  the  contrary,  produces  no  effect  on  thf^ir 
genejation.  It  is  an  interesting  fact,  that  the  urine  of  dogs  whose  ureter» 
have  been  ligatured,  and  which  has  consequently  been  set!  re  ted  undetj 
high  pressure,  contains  no  urea,  but  an  abundanee  of  kreatin  (/ 
Her  mann}. 

Xanthin  and  h^poxaTtthin  are  likewise  present  in  minute  quantity  in 
human  urine.     The  first  is  also  to  bo  found  in  the  renal  leeretion  of  do 
after  moderate  muscular  exertion  (Mai^mter). 

As  regards  the  existence  of  grap^  äugar  as  a  normal  constituent  of  urine 


ORGANS  OF  THE  BODY, 


533 


which  is  maiEtamed  h^  Brüche  anil  denietl  by  othei^,  no  definite  con- 
clusions can  be  come  to  upon  tlie  point. 

Tbe  extractive  maiiers  of  the  urine  are  partly  derived  from  the  products 
of  mutative  procesges  in  the  li^aes  ot  tbe  body,  and  partly  from  the 
aliineutaTy  substances  introduced  into  tb^  ktter.  Their  daily  amount 
variei  from  8  to  20  gramines  and  upwarda.  From  Lehmami^s  mmaxt^h.^ 
it  wotild  appear  that  they  ar©  most  abundant  after  vegetable  food,  and 
appear  in  email  amount  under  a  meat  diet. 

We  have  already  referred  to  Uie  unsatiBfactory  etat©  of  our  acquaint- 
auce  with  tbe  colouring  matters  of  th«  urine  (§36).  It  ie  a  point  of 
inteix^st,  bowtjver^  that  indiettn  and  indigü-^hromogen  have  been  proved 
to  exist  here  by  Hoppe  and  Jujfe  working  on  Bchmck'ä  and  Carici^s  method 
(5  3G}*  This  explains  tbe  faul  that  blue  ciystala  of  indigo  {urüglaucm) 
may  be  obtained  by  treating  urine  with  the  mineral  aeida,  and  that  these 
crystab  are  found  at  times  in  the  latter.  Indigo  mnnma  has  also  been 
met  with  hera  From  the  circumstance  that  indican  is  not  present  in 
the  rest  of  the  body  according  to  Huppe's  investigations,  and  that  it  ia 
found  in  tbe  urine  of  the  lower  mamraala  as  well,  we  may  conclude  that 
it  is  generated  by  the  kidney. 

The  mineral  maiterß  of  the  utino  are,  owing  to  the  nature  of  the 
(irdd,  very  vamble  in  their  amount,  Tha  latter  may  be  set  down  at  from  10 
to  ^f>  gnimmes  for  the  twenty-four  hours.  They  consist  of  chlorides  of 
(he  alkaiienj  and  indeed  almost  entirely  of  compounds  of  soda,  especially 
of  cJttoride  of  sodium ,  which  is  present  in  from  1  to  1-5  per  cent,, 
amo  tin  ting  in  tlie  day,  on  an  average,  according  to  Bi^choßj  to  H-73 
grammes^  but  falling  sometimeä  as  low  im  8*64,  or  rising  again  as  high  as 
2P8i  grammes.  Chloride  of  sodium,  which  is  introduced^  as  is  well 
known,  into  tbe  system  with  tbe  food,  ia  a  conttant  constituent  of  the 
body«  Both  the  perspiratory  glands  and  kidneys  take  part  in  its 
elimination.     There  are  many  points  of  interest  attached  to  this  process. 

If  the  blood  and  ti^ues  of  the  body  he  saturated  with  chloride  of  sodium» 
Jill  the  absorlxid  salt  is  again  excreted  by  the  organs  mentioned.  If,  on  tbe 
other  hand,  tbe  body  have  previously  suJfered  a  deprivation  of  the  salt 
excretion  docs  not  follow  upon  its  ingestion,  until  tbe  system  has  recovered 
its  normal  percentage  of  chloride  of  BodiunL  If,  however,  all  supply  of 
the  latter  be  eut  oÜ',  as  is  the  case  in  starvation  or  existence  on  food  devoid 
of  saline  ingredients,  it  still  continues  to  be  eliminated,  but  in  much  smaller 
and  ever  decreasing  quantity  ( Vott),  until,  after  some  days,  albumen  begins 
to  make  its  appearance  in  the  urine  ( Wun4f)^fL  proof  of  incipient  disin- 
tegration of  the  hlood. 

The  amount  of  chloride  of  potassium  and  ummrmitim  in  the  urine  is 
small  on  the  other  band. 

Urine  contains,  farther,  certain  phojfphatic  mit  if,  and  especially  acid 
phosphate  of  sodium  with  phoifphitfe  uf  calcium  and  iiuigmfmunu  As  is 
well  known,  the  corresponding  combination  of  potasli  {§  170)  is  tobe 
foun<l  in  muscle,  while  tbe  phosphates  of  the  earths  are  combined  with 
some  of  the  histogenic  substances,  and  especially  albumen.  The  brain 
jikewise  contains  phosphorus  as  one  of  the  ingredients  of  lecithin. 
According  to  the  nature  of  the  alimentary  matters^  phosphoric  acid 
appears  in  greater  or  less  abundance.  It  does  not^  however,  fail  to  bo 
excreted  when  the  system  ceases  to  be  supplied  with  it  {Bi»thoff). 

Tho  amount  daily  eliminated  by  the  kidneys  has  been  estimated  by 
Breed  at  front  3  8  to  5  2  grammes.     Its  rise  aud  fail  is  to  a  certain  extent 


5U 


MANUAL  ÖT  HISTOLOCY, 


proporiioiLal  to  that  of  tirea,  which  likewise  onginates  m  the  splitiing  tip 
of  ßfime  of  the  albti  mi  nates. 

Among  the  urinary  salts  we  abo  fin*l  sulphates  of  the  aikaiies^  amount- 
ing in  the  day  to  2-09  4  gmmtnes  ( Voffriy  These  are  augmented  hj 
auimal  food»  and  diminiBhed^oiitlie  other  hand,  bj  vegetable  diet (Z^Am^mi). 
From  the  fact  that^  as  a  nile,  no  Rulphates  are  introduced  into  the  bodv 
with  tha  food,  those  which  appet^r  in  the  urtnis  uiuat  he  looked  upon  a* 
ilevclopcHi  in  tin?  decomposition  of  hist<jgenic  a  aba  Lances  having  suipiiur 
as  an  ingredient  This  latter  element  is  aldo  cuBt  out  of  the  econoin)'  i» 
a  component  of  tatirin,  as  well  as  nf  those  particles  of  horny  tissue  con- 
stantly being  shed  from  the  surfaces  of  the  body. 

The  secretion  of  the  kidney  possesses  likewise  tmues  of  iron  ami 
»fHcates^  and  small  quantities  t)f  ammonia;  further,  nitrft^en  sad 
rarbonic  acta  fjiw^  both  free  and  iu  combination,  together  with  &  traci?  t*f 

Among  the  abnormal  and  otcamonal  eonetitnents  of  urine,  we  have 
(without  taking  into  account  casual  matters)  albttmen  in  many  diseasw 
and  disturbances  of  the  circulation.  Then  again^  itmnmgloMn,  as,  for 
instnnce,  nfter  poisoning  with  phosphonis  or  injection  of  biliary  acids  into 
the  blood,  causing  destruction  of  the  red  corpuscles  of  the  same.  (J/ti/i^ 
stiff ar  is  found  in  diabetea,  and  inosit^  likewise,  as  also  in  Uri/jhfs 
disease.  Lartlc  acid,  too,  is  frequently  to  be  found  in  normal  urin^ 
and  after  acid  fermentation.  Besides  these  fatt^  mutters,  bxätjne^ 
gmeiniCt  bcTnoicy  and  biliar t/  uciffi  (§  27),  present  themselvca  bete;  also 
the  pigmmlartj  mafters  of  the  bile  {J  37),  cißtin  (partly  in  solution  and 
partly  in  crystalluie  c i>n ere t ions),  leueln^  and  Upmin  (in  various  disease), 
AUutiioin^  likewise  (§  29),  a  product  of  the  artificial  decomposition  of  uric 
acid,  which  occurs  also  in  the  liquor  amnii  of  ruminanta  and  utiue  of 
aucking  calve« >  wsis  met  with  hy  Frcncks  and  Shiedeler  in  the  urine  of 
dogs  su Storing  from  obat ruction 3  to  respiration.  It  was  found  algi>  by 
MeiüäJicr  in  abundance  after  fleshy  food  or  injection  into  tl*e  circulntion  (if 
kroatin.     Cat«  fed  in  the  Kime  way  excrete  it  also. 

According  to  an  old  and,  we  believe»  correct  view,  urine,  when  exposed  tor 
several  days  to  the  air,  undeTgoea  a  process  of  acid  fermentation,  by  which« 
as  has  just  l>een  observedi  lactic  and  acetic  acids  are  produced,  increasing 
ita  acid  reaction,  and  during  which  crystals  of  free  uric  acid,  colonreil  by 
the  pigments  of  the  urine,  are  deposited*  This  view,  however,  is  »tatoil 
by  some  later  ohservers  to  he  incorrect  According  to  them,  the  acid 
reaction  of  the  urine  becomes  l&ss  marked  the  longer  it  stands,  the  acii* 
phosphate  of  sodium  is  converted  into  a  neutral  combination,  aitd  acid 
urates  ami  free  uric  acid  are  produceci  The  latter  are  then  thrown  down 
(§25). 

Later  on,  another,  an  alkalino  fermentation^  is  frequently  observed,  in 
which  urea  is  split  into  carbonic  acid  and  ammonia  (§  28).  Coincident 
with  this,  the  urine  becomog  sonißwhat  decolorised,  extremely  ffetid  and 
turbid,  and  deposits  a  whitish  sediment,  'ivdiile  a  light  pellicle  forms  upon 
its  surface.  The  former  eonsjstg  of  orystala  of  aniraoniaf!o*mngnesiwn 
phosphate  (§  42),  and  of  urate  of  iimmonium  (§  25).  This  pr^jccs«  of 
alkaline  fermentation  may  tiike  place,  on  the  other  hand,  almoi*t  irammlinttily 
after  the  urine  has  been  voitlc^l,  or  even  during  it»  ffojuurn  in  the  bladder. 

§275. 
TVe  now  come  to  the  qiioBtion,  how  fur  the  secretioii  of  urim«  \a  to  bt* 
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regarded  as  merely  consist ing  in  &n  eliiniiiation  of  ttrai&oTs  ffotn  lb@  blood 
whicli  already  existed  there  1 

Fmm  the  fact  that  some  of  the  most  important  and  lieat  known  aon- 
stilueuts  of  the  urine  hud  been  met  wit  h  in  this  central  fliiid  (5  75),  tla* 
agent  in  so  many  of  tlie  exchanges  of  matter  going  on  in  the  syßtem,  it 
was  for  a  long  time  supposed  that  tJie  secretion  of  the  fluid  in  qnestio» 
was  analogous  to  the  process  of  filtration,  and  so  essentially  disaimUar  to 
the  formation  of  bile  in  the  liver.  But  though  thoi?tatements  of  Zale^ktf: 
that  urea  and  uric  acid  are  generated  by  the  kidneys,  have  been  shown  to 
he  ineorrectj  still  many  circumstances  point  to  caiitbn  as  regards  tlie 
acceptance  of  thiss  old  view.  Thus^  for  instance,  the  acid  nature  of  the 
urine,  the  transformation  of  benzoic  intohippuric  acid  in  the  kidney  itseJf 
(Mchmer  and  Sfiej^nrd)^  and  the  fact  that  albumen  docs^  not  transude 
under  ordijuiry  ciicumstanc:es.  It  seems  extremely  prohahle,  indeed, 
til  at  the  process  of  excretion  of  urine  partakes  both  of  the  nature  of 
secretion  and  filtration. 

When  we  consider  the  structuit?  of  the  kidney,  as  desi^ribcil  above» 
the  question  also  naturally  presents  itself — Winch  of  the  two  vascular 
ttpparatusesp  the  glomerulus  or  the  network  inventing  the  uriniferona 
tubes,  presides  over  the  excretion  of  the  fluid  1 

When  \vc  rcnicnd>er  that  the  kidney  and  glomenihtä  go  band  and  band 
among  the  vertebrates,  we  must  be  inclintid  to  ascribe  to  this  portion  of 
the  vascular  s\'stcm  the  greatest  importanct*,  even  thouglt  the  gland  cells  of 
the  convoluted  tubes  do  possess  the  power  of  secretion,  and  represent 
something  more  than  a  mere  jm&sive  epithelial  lining,  wbirJi  is  hardly  to 
be  doubled.  It  is  only  the  straight  canals  running  from  the  external 
surface  of  the  niedulhiry  rays  to  the  points  of  the  papilhej  which  [iresent 
the  latter  in  our  opinion. 

If  we  bear  in  mind  that  in  man  and  in  the  mammalia  the  t^titf  affttrms 
breaks  up  into  branches  iu  tlie  glooierulus^  besides  being  arranged  incoti- 
voluiions,  and  that  tliese  bninclies  combine  again  to  form  a  smaller  vtis 
rffen^iiSf — that  a  retardation  of  the  blood  must  be  bnuight  about  in  tht^ 
convolutions  of  the  gIomerulue5|  owing  to  the  greater  area  lo  be  traversed 
by  it,  will  be  clear ;  and  that  this  sluggisbness  must  be  succeeded  by 
mpid  circulation  in  the  narrow  elTereiit  vessel,  giving  vvay  agiibi  Uy 
a  second  and  more  clearly  marked  retardation  in  the  capillar}^  network 
around  the  uriniferous  tubes,  is  also  plain.  This  imrrownes»  of  tlie  va«i 
elVerena  produces,  then,  a  greater  or  less  degree  of  olistruction  to  the  blood 
in  tlie  glomenilus,  and,  consequently,  to  an  increase  of  lateral  pressure, 
far  exceeding  that  of  the  second  capillary  system  ;  it  favours  thus  excre* 
tion.  The  bloml  in  the  capillary  network,  on  the  other  liandj  investing  the 
uriniferous  tube,  flows  certainly  under  smaller  pressure^  and  appears  partly 
to  possess  the  power  of  absorption,  and  to  rtib  the  urine  as  it  paaaes  of 
ftonie  of  its  water  again  (Ludwi*/).  The  fiecuhar  disposal,  further,  of  the 
derivatives  of  the  vas  elferens,  lirst  around  the  passages  of  the  uieduUftry 
ray,  and  ®ubsef|uently  around  the  convoluted  tubes  of  the  citrtex,  seem« 
to  iudicata  some  physiological  purpose  beside  all  this. 

The  progje^  of  the  urino  towards  the  openings  on  the  papillae  takes 
place  without  any  muscular  aid,  merely  through  the  vis  a  iFrffo  produced  by 
the  04>ntinuous  secretion  bebind  pushing  forward  the  columns  of  fluid  in 
the  urinifcrous  tubes.  Jk'sides  this,  in  the  ureters  the  gravitation  towards 
the  bladder  comes  in  aided  by  the  contraction  of  the  muscular  walls  of 
the  ureter  (Enffdmann)»  Owing  to  the  well-known  nnntomical  arrange- 
35 
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ment  of  paite  below,  a  letum  of  the  urine  from  the  bladder  itito  the  uretefs 
is  jttst  aa  difficult  as  from  the  latter  into  tke  papillae. 

§276. 

The  urinary  passagea  eömmonce  in  the  ccd^eeä  reiiale&  at  th<j  pelvU  of 
the  orgmn.  In  these  parta  we  find  an  external  fibroua  tunic^  a  middle 
iaypT  of  smooth  muscular  fihre^  crossing  eacli  oilier  in  various  directiaiii, 
and  hat  slightly  developed  in  the  calyces,  and  then  an  Luternal  mucoas 
luemhmne  with  a  ecmoeth  surface  and  laminated  epitheliuio  of  peculiar 
ÜLitt^tJued  cells,  to  which  we  have  alr^dy  referred  (p,  141),  Here  we  also 
meet  with  either  tubular  or  racemose  mucous  glanda  in  man  and  the 
larger  mtmmak.  They  are  not  so  fre(^uently  seen  In  man  as  in  other 
animals,  as,  for  instance,  in  the  horse. 

The  ureter  presents  the  same  structure,  except  that  its  muscijlar  taaic 
is  stronger^  consisting  of  an  external  lon^tüdinal  and  internal  circulir 
layer  of  fibres,  to  which  is  addedj  lower  down,  a  third  and  most  interDai 
layer  of  longitudinal  elements.  Under  the  epithelial  uning  the  blood- 
vessels are  arranged  in  a  dense  network  of  delicate  tuhea  In  tha  fibma» 
covering  of  the  ureter  in  the  rabbit  a  nervous  plexiis,  almost  destitute  of 
ganglion  cella^  is  to  iie  found.  The  mode  of  termiuation  of  the  nerve» 
is  not  yet  known* 

As  is  well  known,  the  ureters  terminate  in  a  round  divertieulum  known  m 
the  bladder  or  msiea  iinnaria,  piercing  its  walls  obliquely.  The  atructure 
of  the  bladder  h  similar  to  that  of  the  ureters.  Its  external  amface  ia  in 
part  covered  by  a  seroua  membrane,  the  peritoneum.  Il«  muscular  coatR, 
however,  attain  a  much  greater  degree  of  strength  here  than  in  the  ureter, 
and  are  no  longer  arranged  with  the  same  rtrgularity,  consisting  for  the 
most  part  of  obliquely  running  muscular  bundles,  int^^rlacing  in  a  retiform 
maoner.  At  the  neck  of  the  organ  tliese  fibres  are  disposed  in  a  thick 
circular  fasciculus,  the  sphincter  tjmctFv, besides  which  they  form^  externally, 
on  the  anterior  wall  and  gummitj  longitudinal  niaases,  to  which  the  term 
detrusor  urtniB  ia  applied.  However,  much  variety  is  to  he  observed  in  the 
arrangement  of  the  muscular  tissue^  Within  the  organ  the  mucous  mem- 
brane presents  a  smooth  surface  and  characteristic  flattened  cpitheliutn. 
A  few  scattered  mucous  glands  of  small  size  may  be  found  in  the  fundus  and 
around  the  neck.  Here  also  a  complicated  network  of  capillaries  li«e  close 
linder  the  epithelium.  The  manner  in  which  the  nerves  of  the  bladder  tar- 
min  ate  is  just  as  obscure  as  in  the  ureters. 

The  female  urethra  is  lined  by  a  mucous  membrane  thrown  into  h^Ty 
longitudinal  folds  and  covered  with  papilla;.  It  is  studded  &laOp  in  the 
iieighbourliood  of  the  bladder,  with  a  number  of  mucous  glanda  of  either 
simple  or  complex  structure,  the  largest  of  which  are  known  by  tlie  name 
of  glands  of  Littre.  The  muscular  substance  of  the  part,  which  is  of  con- 
siderable thickness,  consists  of  separate  longitudinal  and  oblique  bundles? 
of  fihres ;  tlie  epithelium  is  of  the  flattened  speciea  The  Tasciüarity  of  thr^ 
walls  is  very  consiilerable,  the  vessels  having  a  plexiform  arrangement 

5.  The  Oeneratlve  Apparatus. 
§  277. 
The  generative  apparatus  of  the  female  consiata  of  tba  oparie$,  the 

Fallopian  hd/f?s^  opening  into  a  diverticulum  called  the  utentfii  the  t'ag'rna, 
and  external  tfemtal  (yrgatuf,  FinaJly,  the  mammary  gland  ia  connected 
with  the  reproductive  functions  of  the  female. 
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Tlis  mary  (fig.  629)»  tlie  üioöt  impgrtaiit  part  of  the  wUole^  b  a  very 
röinarkabie  organ. 

It  may  be  divEiJted  into  two  portionSg  namely,  into  a  kind  of  medu^lunj 
tfutmiattca^  i.e.,  non -glandular  ^ 

and  veij  vascular  connective* 

tlaauOp  &tid  into  a  (glandular  .^tStS^F^KIl^.      .«^ 

parendiymu    enveloping    the 
latter.  Thetirst  has  been  named 

lie  vasmlar,  thi^  external  layer 

'  Bpannehijtnai  zoftü  hy  Wal-     *'   ^jj^g)^  ge^;f 


M 


Taking  the  former  of  these 
tirat,  we  find  it  conuneneing  at 
the  so-called  hllüs  of  the  organ 
(Üie  hihw  stroma  of  //iW),  nt 
which  spot  krge  Mood  und 
lymphatic  ves^Ja  enter  and 
leave  the  part.  Traversed  in 
all  directiona  hy  innumerable 
bloDd'Veäsela,  this  fibrons  nuc- 
leus present«  iteelf  as  a  tpongy 
red  rotiss,  comparable  to  cavernous  tissue. 

From  it  a  number  of  centrifugal  bands  of  fibrous  tissue  are  sent  oflT  into 
the  gland  parenchyma,  whei"©  they  form  aepta^  aiid  coalesce  again  peri- 
phemlly,  giving  rise,  by  their  close  intermixture,  to  an  extemtU  boundary 
layer  (lig.  530,  h).     It  was  fonnerly  held  that  this  last  might  ba  divided 


ng,  Mtl.— TliB  o**ry*  «,  nrurnni  fe,  mitttne  Or^i^km  for- 

thick  Umne*;  c,  an  odd  corpiu  luttumi  jTi  vt^ia^  with 
ihulr  flrftt  br«Qehfi%/  wIlJilD  the  uri«iit 


L^al 


J   v!OPr. 


^^ttoofif 


into  an  internal  lamina  of  very  dense  texture,  the  tdhti^jtiu^a,  and  nn 
OÄtprnal  serous  membrane  covering  the  latter.  This  condition  of  parta 
doe*  not  exist,  however*  The  eurface  of  the  ovary  uncoverijd  by  peri- 
tooonm  is  coated  with  a  layer  of  low  columnar  cells  (a)  (Pß^ßer,  Wal- 
def/üt).     To  this  tbe  suitable  name  of  gurminal  epithel  in  m  haa  been  given  ^ 
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Having  now  dwelt  for  a  moment  on  the  general  anatomy  of  the  oyuj, 
let  us  commetice  a  more  poHieular  eonsideratLtm  of  its  finer  atrnctiira  «isli 
that  of  the  glandular  port  ion. 

Immediately  umlenieath  the  boundaiy  layer  just  mentioned  is  sitittled 
a  remarkable  stratum,  almost  quite  destitute  of  'ressek,  whieh  baa  OB^ 
recently  been  recognised.  This,  which  is  com  posed  of  glajxdulAf  eoBiH- 
tuents  in  process  of  development,  may  bo  called  the  mriimi  «scwtf  or  spur 
a/  Ute  primonlial  foUktm. 

Here  the  essential  clem  en  ta  of  the  Q^^du  Jle  elosely  crowded  in  iviml 
layeis,  namely,  the  young  ova  (e^  d), — b«autirtü  globular  struci^fis  «tool 
0^0587  mm.  in  diameter,  consisting  of  naked  gmnular  protoplasai  eev- 
taioln^  tatty  molecu]<^  and  a  spherical  nucleus  of  about  0-0226  mmu  in 
iiiamiHer  (fig.  531,  1). 

Each  egg-cell,  f  urtherp  is  enveloped  in  a  mantle  of  small  nuelealed  ck> 
ments.  The  nmirow  interposed  septa  wlueli  ezkl 
here,  forming  the  Btroma  of  the  ovfiry,  are  composii 
of  closely- packed  fusiform  connective-tissiie  odb; 
and  genifrälly  surround  each  ovum,  inclnflbi^  tit 
covering  of  small  elements,  with  a  species  of  ^»daL 
tunic,  bounded  towards  the  ovum  bj  a  boanoge- 
neoos  limiting  layer  or  membrana  propria.  Th» 
then  coi»Btitutes  the  so^c^lled  follicle  of  the  ora^ 
in  its  earlier  form.  In  this  description  we  Imv« 
followed  the  appearances  presented  in  the  oiraryof 
the  rabbit ;  but  in  the  organs  of  other  aninsals,  as» 
for  inaUtnce^  the  dog  and  cat,  a  mom  or  Less  laea* 
tD03@  gTfJuping  of  ihe  eggH:elU  is  met  witE  hb- 
quenUy  (Ug,  536,  c),  (Wtiidirt/t'r\  In  iBaa  and 
the  larger  mammMis  the  eonnbcliva  fibroiss  Unat 
is  more  ^bundaDt,  and  Uie  ova  mom  distaut  out 
from  the  other. 

Turning  now  from  this  external  Btmtum,  wiUi 
ita  enormous  number  of  germinal  structure,  to  iba^ 
more  internal  porttoo  of  the  ovary,  we  fitid 
follicles  as  we  proceed  more  and  moie  liigldy  i 
loperl.  Here  we  encounter  some  which  may  have  even  attained  a  i' 
of  0  0902  or  0*1805  mm.  The  ovum  contained  within  them  la 
increased  in  size,  and  is  enveloped  in  a  distinct  membrane  (2), 
minute  celts,  situated  within  the  latter  and  ai^und  the  ovum«  are 
present,  but  in  several  layers  now,  while  a  system  of  capUlaiies  ntaj  j 
be  observed  encircling  the  follicle  with  a  small  number  of  vmnhi. 
other  larger  follicles  (%.  530,  d)^  the  layers  of  the  smaUer  eleASiott  jail 
mentioned  begin  to  aapanite  irom  one  another,  producing  a  narrow  Intip- 
space  between  the  two. 

In  the  subsequent  growth  of  the  foOide  this  becomes  larg^  and  tacgtfi 
Idling  at  the  same  time  with  a  watery  fluid» 

A  follicle  at  ibis  stage  may  measure  ^m  about  03835  to  0*4513  mm. 
in  diameter.  On  the  internal  sur&ce  of  its  walls,  now  supplied  by  a  well- 
developed  capillary  network,  may  be  noticed  at  some  one  point  an  tatargad 
ovum  increased  to  0*1805  ram*  transverse  measurement,  containing  with 
it  a  nnde^  vesicle  of  0*0609  mm.  and  nucleolus  of  0*0135.  The  toui; 
capsule  of  the  cell  is  also  increased  in  thickness  to  00063  mm.,  and 
whole  ovum  is  enclosed  within  a  mam  of  small  cells  arranged  in  layen 
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which  cover  alKo,  peripharalljr  the  whole  internal  eurfaee  of  the  follicle  as 
ati  epithelial  liultig. 

riually,  the  ovanum  (fig.  52Ü)  generally  coataias  a  limited  number  of 
mature  ffilHcks,  varying  from  12  to  20,  which,  from  the  fact  of  th<fir 
having  been  discovered  at  the  end  of  the  seven ti>e nth  century  by  mt  iinn- 
toinifit  of  the  name  of  Dti  Urmt/^  have  received  the  name  of  the  Graaßm* 
/ail id f' ft.  These  vary  m  diameter,  aceording  U)  the  matttrity  ant!  siie  of 
the  animal,  fmm  I  tri  8  mm.  {h^  r). 

Fig,  532  rtspresenU  such  a  follicle  with  ita  wall  {d^  e),  iU  epithelial 
liniiif^'  {e\  the  ovii  in  (*?)  embedded  in  the  thick  epithelial  mass  (^),  and 
f'nlarged  cavity. 

In  the  walls  of  the  follicle,  or,  ns  it  has  been  named^  the  thtra  or  rnvm- 
hrtimt /of licit fi\  twf»  litrnina3  may  be  distinguished^  an  internal  and  extenial. 
Within  the  first  of  these  the  ramiticAtioDB  of  the  capillaries  take  place, 
while  the  external  contains  the  brarjchea  (c)  of  the  larger  vessels.  The 
i*nU?r  layer  i^  composed  of  the  6ame  elements  as  the  reniainijig  sustenta* 
cnkr  matter  of  the  organ,  namely,  of  libres  of  connective-tißaue  and  very 
densely  crowd etl  fusiform  cells. 

Owing  to  the  fact  that  the  blood  and  lymphatic  vessela  of  fche  tyma 
form  around  the  external  layer  of  the  membrana  folliculi  a  aericss  of  open 
iiinuoue  cavities,  the  follicle  may  be  separated  with  ease,  and  in  a  perfectly 
uninjured  condition,  from  its  BuiToundings.  In  the  internal  lajriina  of 
th<?  wall  we  then  observe  that  the  capilkrtes  enter  the  latter  iji  lines  con^ 


^^\ 


fig,  i^it^^ Uirnre  fiTliel«.   a.  tnvm ;  A,  Uy?T  of  vxtithrllam  «nt^laplnir  th«  kit«?  iad  Unltif 
Ibi  ciivfty  of  tbti  falUcJ«  c;  <  f>b><!iui  wttll;  e,  eiicnuJi  turtice  of  lite  loLUrlek 


Verging  towards  the  centre  of  the  follicle,  forming  internally  a  very  dense 
network  with  circular  meshes.  Like  embryonic  tissue  this  layer  ia  parti- 
eulariy  rich  in  cells  of  different  forms  and  dimensions.  Besides  smaUer 
ones  resembling  lymphoid  elements,  we  lind  another  kind  of  larger  eellsi 
roundish  or  polygonal  in  lignre,  and  tneasunug  about  0'0226  mm.  in 
dtameten    Theäe  are,  in  [mrt»  situated  in  the  intervals  between  the  vesselSi 
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mud  pAHly  around  tlie  latter,  euvalopiog  them  in  a  manner  wbich  remisdä 
rme  Qf  the  mode  of  formation  of  the  walla  of  vesmh  already  described 

{§211),  (//^)^ 

The  Graafian  follit-le  U  distended  by  that  fluid,  the  eommeneemeot  of 
whose  formation  we  huve  already  alluded  to  above.  It  Ib  tmnajiafeiit^ 
alkaline  in  reat^tionf  and  t'ontaiiiB  albnnien.  It  ia  known  as  tlm  liqmr 
fidiieulL  The  toumX  nucieated  cells  covering  the  intemat  surface  of  the 
cavity,  in  ill  döftned  layers,  are  known,  taken  as  a  whole*  as  the  furtn/LÜo 
Ol  membraiia  granulosa :  the  element»  measure  individuaJlj  about  from 
0  0074  to  00113  mm.  The  breaking  down  or  solution  of  the  lattt?r  ujiy 
iiccouot  for  the  presence  of  albumen  in  the'  fluid.  The  point  at  wliiclj 
this  stratum  attains  its  greatest  depth^  in  order  completely  to  surmfrnd  tlw 
t*gg  (cuTntdits  proligertii  ot  embryologista,  eumtdus  optgerus  of  A 
waa  formerly  aupposed  to  be  at  that  aspect  of  the  follicle  ne^) >  ■•  »^ 

|*eriphery  of  the  organ.  More  accurate  and  recent  observation  ha»,  how* 
«VCT,  shown  this  view  to  be  erroneous,  and  that  the  ovula  is  atladied 
to  that  side  of  the  follicular  cavity,  as  a  rule,  which  ia  most  remote  from 
the  surface  of  the  ovary  {Schrün.f  His).  It  may,  however,  be  found  in  lti*> 
flnt  position  (  Widde^er), 

The  mature  oYiim  (fig.  533,  l»  2)  is  atill  of  gpaat  minuteness,  and 
therefore  not  easy  to  find*  In  order  the  better  to  inveatigate  ita  nature 
we  are  obliged,  in  the  tirst  infitance,  to  £roe  it  from  the  elongated  cells  of 
the' mambrana  granulnsa,  tixe«)  \\\>oii  it  in  a  radiating  manner  (2,  c)l  ll 
is  then  found  to  be  a  spherical  structure  from  0*2i^  to  0*1371*  mm.  in 
diameter,  or,  in  other  words,  abeautiftilly  Jeveloped  cell  with  a  thickened 
capsule.  All  the;ie  differ« nt  parts  have  received  names  from  the  anato- 
mists of  former  times. 

The  eapaule,  in  the  hrst  place,  Ls  known  as  the  zona  pcllucida  or  ch^fTton, 
It  presents  itself  aa  a  soft,  transparent,  semi-solid  substance,  homogeneous 
in  appearance,  in  all  probability  pierced,  nevertheless,  by  minute  pores 
(fig.  73,  p,  H3),  It  is  now  about  0  O090-OO113  mm.  in  thickness,  lu 
origin  is  at  present  tmknowu.  It  may  either  be  formed  by  the  ovnm 
itaelf,  or  deposited  upon  the  latter  from  without.  The  latter,  in  our 
opinion,  is  the  most  plausible  hypothesis^ 

Chemically  it  is  a  substance  difHcult  of  solution  in  aJkalii^a,  resemhiing 
elastin  in  a  great  measure. 

The  cell  body  (i^),  possessing  a  hardened  cortical  layer,  appears  in  man 
and  the  miimmalia  as  a  more  or  less  opaque  mass»  containing  m  a  viacid 
substratum  molecules  of  coagulated  albuminous  matters,  as  well  as  gmnalcs 
and  globules  of  fatty  subatancse«.     It  is  known  as  the  vitdlm^ 

The  nuelcuB  (1,  c\  generally  known  under  the  nam**  of  the  vaneuia 
germinatitHif  or  germinal  vesicle  of  Parkinjs,  is  situated  in  ihe^  matun» 
ovum  exeentricaily.  It  is  a  very  delicate  and  perfectly  »pherical  vesiclo 
of  0*037-0^0451  mm,  in  diameter,  qnito  tmusparent,  and  prescnta  a 
round  and  highly  refracting  nucleolus  {d}t  from  0*0046  to  0  0008  mm.  in 
diameter.  The  latter  ha«  received  the  name  of  the  mtieula  germtmiHtifi^ 
or  germinal  spot  of  Wafpier, 

Let  us  now  turn  to  the  blood  and  lymphatic  vessels*  of  the  ovary. 

We  have  already  been  obliged  to  refer  to  the  biitod^wsseh  in  the  for^ 
going  description.  They  arrive  at  the  hilus  in  the  form  of  large  arterial 
and  venous  twigs,  the  former  takinjr  a  very  tortuous  spiral  cowme  on 
their  way  thither*  Arrived  in  the  stroma  they  break  up  into  numeroai; 
branches,  so  that  the  mediilkry  substance  of  the  latter  is,  üi  reality,  o 
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maas  of  Tossels.  The  inteTstitial  tissue  is  extremely  scanty,  con^kting 
merely  of  intofeecting  bands  of  fuaiform  ceUs,  which  tarn  off  from  tht* 
middle  muscular  tunic  of  the  artariej*.  Ititiraate]j  iiuited  to  this  interatiti&l 
suhatance  are  to  be  found  the  venöus  wallä  which  f,'ape  on  being  cut  through. 
For  this  reason  the  whole  tissue  of  this  ßo-called  hiius  stroma  has  been 
regajxltd  aa  eoni posed  of  the  modified  walls  of  vessels,  thempelvea  traversed 
agEin  by  smaller  vessels  {His),  recalling  to  nund  the  structure  of  the 
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corpora  mvcmom  {Ui/wjet),  From  this 
it  would  appear  that  tht?  spindle  cells  of 
the  medullary  substance  are  muscular 
elements  (§  1G3,  p.  283),  in  keeping  with 
which  view  the  fresli  Btronm  of  the  ovary 
has  been  observed  to  possess  the  power  of 
contractility  by  both  Hü  and  myself. 

Further,  numerous  pencils  of  vessels 
are  seen  to  penetrate  from  the  periphery 
of  the  itroma  of  the  hilus  between  the 
internal  follicles  towards  the  surface  of 
the  organ.  In  tliis  course  they  supply 
follicles,  as  mentioned  above,  with  a 
dense  network  of  vessels.  Prolongation« 
of  tho  latter,  however,  penetrate  still 
further  ti>warda  the  «one  of  cortical  cells » 
doubhng  on  themselves,  for  the  greater 
part,  before  their  arrival  in  the  latter, 
wluch  remains  almost  entirely  devoid  of 
vascularity. 

But  besides  being  very  rich  in  blood- 
vessob,  the  whole  stroma  of  the  hüus 
possesses  numerous  It/mphatics.  In  the 
latter,  which  are  similar  in  their  arrange- 
ment to  the  veins,  the  characteristic  vas- 
cular cells  of  these  passages  may  be  every  - 
where  rendered  visible  by  treatment  with  nitrate  of  silver. 

Their  relation  to  the  follicles  is  of  special  interest,  however.  The  latter 
liflving  attained  a  large  size,  and  having  pressed  forwards  towards  the  sur- 
face, may  be  seen  in  this  position  to  be  surrounded  by  a  dense  network  of 
lymphati<:s,  situalcd  principally  in  the  external  lamina  of  the  wall  of  the 
follicle.  According  to  HU  the  apex  of  the  latter  is  completely  destitute 
of  lymphatics,  as  also  of  blood-vessels.  Smaller  follicles  also,  as  soon  a« 
their  iutemal  tunic  lias  been  developed,  are  found  to  present  an  investing 
tietwork  of  lymph  canalSj  even  long  before  they  have  reached  tlie  surface 
of  the  organ. 

The  numerous  nerves  of  the  ovary  springing,  for  the  most  part^  from  the 
genital  ganglia,  as  has  been  shown  by  Frayücenhaiker  (§  279),  contain 
medullated  and  non-medullAted  fibres,  and  enter  the  organ  with  the 
arteries.     Their  ultimate  distribution  is  still  obscure. 

Lying  between  the  ovaries  and  Faihpian  tubes  a  trace  of  tiie  Wolffian 
bodies  may  be  seen  on  either  side  of  the  uterus,  in  the  form  of  a  few 
small  tortuous  canals,  situated  in  the  ala  ve-'^pertiltanum.  To  tliis  the 
name  of  ^iq  parooaritiju  has  been  given.  Tho  tubules  are  composed  of 
a  fibrous  wall,  epithelial  lining,  and  transparent  contenta. 

The  chemical  compositiou  of  the  ovary  still  awaits  aceurate  investiga- 
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iioii,  Ite  ap.  gr.  in  the  huin&n  female  b,  aücotding  to  Kraum  and  . 
li)45.  Chemical  analysis,  on  the  other  band,  of  the  ova  of  the  mam- 
malia m  not  piacticabie,  owing  to  the  mmutenem  of  the  objecta  to  be 
dealt  with. 

1870.     Thi*  best  work  whkti  huA,  up  ti>  the  |ji%&«£ttt  «p[ie&red  Ob  the  subject 

§278. 

Having  in  l!ift  foregoing  setition  become  acquainted  with  tha  sirnatui«^ 
of  the  ovarj,  kt  us  now  take  «p  the  question,  Whejice  are  the  follic 
with  thet?  ceUular  contents,  and  especially  the  ovum  f     For  an  answer  \ 
this  query  we  sliall  be  obligotl  to  follow  up   llie  development  of 
urgan. 

The  following  i^^  the  view  which  obtains  most  generally  in  r«gai%i  Ui 
the  origin  of  the  ovary. 

The  germ-preparing  gkmU  of  the  female  spring  from  the  sides  of  thoü 
temporary  urinary  glands  of  tiie  embryo  known  as  the  Wolßjin  bodies. 

The  epithelial  covering  of  the  WolJ^an  bodies  is  observed  very  early  f 
nndergo  a  thickening  at  tlie  spot  in  qnestion  in  the  embryonic  chick 
( Watdeijer),     At  the  same  time  s  small  cellular  growth  makes  its  app 
imce  here  also^  springing  and  pmjecting  from  the  connective-tissue 
of  the  organ. 

Now,  from  the  thickened  epithelium  covering  thisi  projection  the  mdi- 
tnents  of  the  Gmßan  follicles  and  ova  are  formed,  tiM  weU  a&  the  jatSTj 
avarial  epithelium,  while  from  the  connettive-tisstie  the  viuscular  suslea 
toculat  substance  of  the  organ  takes  its  rise. 

The  epithelial  clothing  is  soon  ohfierved  to  contain  (not  only  in  the 
chick,  but  also  in  the  ntammal  embryo)  certain  enlai^ged  cells  or  pr 
died  ovft. 

The  further  changes  consist  in  an  üiteruiixture  of  tite  ßbrons  and  epi- 
th«»ltal  constituents.     Fig.  5$i  gives  a  representation  of  what  now  tAkes 
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F\S.  634,— Vtn leal  «o«t1nn  of  ihe  mfa.rf  af  n  ti-tiniÄn  fiftas  Ä2  wvük*  «W  (mittr  tt^~'  " 
^fmlitAlrpliihi'lliiTT] ;  6,.  younger  c^^'CellK,  the  '^  (irlmonliB]  »m  **  tfmt^^üti^'i 

In;  c  ytittngtint  follklea:  /  ova  mud  gvnnLnki  eplLbellBl  «Ut  In  ^wap«;  p^  ixm^iuma  c*  ill 

plaae.     The  connective- tissue  proceases  increasing  rapidly  in  length »  the 

iggfegntions  of  cells  become  smaller  and  smaller^  and  contain  ooa  oi 
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several  pnniordbl  ova,     la  this  way  follicles  are  eventually  formed  it) 
their  most  mdimetitfiry  form. 

On  the  external  side  of  the  Wolßtm  body  this  epitbelimn  dips  down  to 
form  a  groove.  From  this,  üg;iin.  a  canal  is  formed  auhscquently,  thu 
canal  of  MuUer  (  H'ald^y&v),  mil  from  it  the  PaDopian  tube  aiid  uterns 
«re  developed. 

iSeviTtil  very  important  pi*ints  have  recently  been  brought  forward  by 
Pßüf/er   in   regartl    tt*  ilw  follicles^ 
xvhk')i  enable  us  the  h^tttsr  to  com- 
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j»R'ht^iid  so  rue  statements  ma^le  long 
a^^o  by  Vat  mi  In  mtd  Hillroth^  which 
\  lail  H 1  moü  t  BU 1 1  k  i  n  to  o  hi  i  v  i  on .  Th  eso 
have  ßiiK'ti  ht?i.^u  «t-inlirmeii  by  many 
i>tber  ohf^ervuTSj  among  whom  may 
he  nami^d  liantt'tikorp  antl  Spicfi^l- 
t^^rg,  His^  Letzeridi,  hinghantw^ 
Ffty^  KöGÜiker^  and  Wnldeyen 

According  to  Pflätjer^ä  inveätiga- 
tioiis  the  Graafian  follicles  are' 
si^cimdary  formaiiong,  11«  usserte 
tliat  they  take  their  origin  from  ob- 
long or  irregular  aggregations  of  cell» 
by  a  proct'*i  of  constrieiion  affects 
tng  the  Jatter  at  various  points*  To 
theee  collections  of  ctdla  the  nanjo 
of  immordial  ru^lmientm'ti  foUtdtitj 
of,  m  ore  bri  of ly ,  ex  1 1  rested ,  "  o  va 
rhaina"  (Ei strängen K  bits^  l)een  given 
(fig,  535),  They  contain  heaides 
|*eripheml  cells  of  small  siie  and 
pain  colour  (the  tbments  of  the 
future  membrana  granulosa),  the 
imnwnHtd  ava.  These  are  situated 
in  the  axis  of  the  gronp^  and  may 
be  distijignished  by  their  jja^attT 
magnitude  and  granular  prottiplasm. 
Their  existence,  therefore,  anterior 
to  the  formation  of  the  falHcle,  is  a  point  ahottt  wbirb  there  can  be 
but  little  doubt  The&e  eel  1-grou ping B  are  sometimes  enclosed  in  a  liomo- 
geneous  moinbrana  propria,  giving  rbe  to  regular  tubular  structures,  as  in 
the  cat.  This  may  be  absent  in  other  cases,  as  in  the  calf  The  arrange- 
ment of  newly-formed  foliielee  which,  instejid  of  occurnug  ftingh>  appear 
atill  In  grtiups,  or  ranged  like  beads  on  a  string  (FoUikelketten),  is  thus 
«aaily  understood  m  regards  the  mode  of  their  development.  The  primor* 
dial  ovutn  po^ssbsses  farther  vital  contmetility^  and  multiplies  by  Btsgmen« 
tat  ion  {rßurfery 

It  is  only  at  certain  points,  however,  that  at  this  peri<id  we  come  upon 
these  "  ova  cimins,"  which  explains  the  fact  of  their  having  so  long 
remained  undiscovered. 

PßÜg^r  states  that  he  1ms  satisfied  himsolf  tliat  in  the  kitten  ^  four 
weeks  ftfler  birth ^  the  period  for  hnding  these  primordial  luhes  is  already 
pftsied  But  towards  tl»o  time  of  easting  tbt<ir  young  the  formative 
eneigy  awakes  nlVeäh  in  the  ovary  of  the  mammal,  and  not  only  tra 


fljEt,  A3^.— Cbftltifl  a|  fiititf.!««  from  tiie  ovitry  of  a 
cnU.  It  c^ntJtintniz  ova  hi  luttreiu  nf  dc^tftD}»- 
mwnr;  And,   a.   Ahowlnit  (f^mmmrlnD  (o  lärm 
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there  fonned  both  ova  and  Qrmfian  follides,  but  tbo  manner  iu  wbich  the 
pror^esa  m  carried  ou  is  the  aaiue  as  before, — **  ova  chains'*  appear  anew«  J 

Tbe  origin  of  these  remarkable  atructureö  is  a  question  of  great  iutefiiiJ 
Fßüger  svas  the  iirst  to  point  out  that  tbej  were  probably  ilerived  from 
in-growth  of  the  epitbelmm  on  the  snrface  of  the  ovarj,  in  the  form  of 
tap-root  like  processes,  and  Waldei/er  has  since  proved  his  äuppmiLion  t— 
be  correct 

In  suitable  preparations  (lig*  536)  it  is  a  matter  of  no  difficidty  to  > 
tinguiah  the  growth  downwards  into  the  connective-tiaano  sustentaeakr^ 
tissue  heueiitU  of  the  gerininiil  **jiitheliura   at  certain  point*  (&)l     In 


the  mtiiJle  of  such  cellular  mo^cs  certain  large  elements  or  prtmordiilj 
ova  are  to  he  seen  (c).     Then  by  constriction  at  the  surface  of  the  oi^ 
the  follicle  chain,  or  ova  chain,  represented  in  fig*  535,  is  pnv<hiccd. 

Thus,  then,  is  tbe  ovum  formed. 

Uut  wljat  hecomes  of  the  oval     Their  destiny  15  twofold, — one  ihiring 
the  period  of  immaturity  of  the  animalj  another  ail  through  the  penoil 
generative  activity. 

Ill  the  iirst  period  it  would  appear  that  both  foUiele  epithelium  aitd 
ovum  are  frequently  destroyed  by  fatty  degeneration  (ÄlotjrtfMt^),  In 
very  young  and  healthy  mammals,  moreover,  I  myself  have  not  unfw- 
quently  observed  an  ex: tensive  colloid  metamorphosis  of  the  whole 
tents  of  the  follicles. 

But  the  destiny  of  the  ovum  is  quite  different  in  the  mature  anitniü. 
Here  containing  the  material  for  the  cons  tract  ion  of  a  new  individui&l,  it 
is  destined  to  become  free  hy  bursting  of  tbe  Graaßan  follicle. 

It  was  formerly  Imlieved  that  the  stimulus  of  connection  with  tins  mal« 
was  requisite,  as  a  rule,  to  bring  about  this  rupture,  Henee  thoso  who 
held  this  view  regarded  the  Graafian  vesicles  as  ponsistent  structures,  of 
which  only  a  certain  limited  number  ever  really  did  bur»t  dumg  the 
reproductive  period  of  female  existence. 

Becent  investigation,  however,  has  thrown  quite  a  new  light  on  this 
subject     We  now  know  that  the  expulsion  of  an  ovum  takes  1  h 

every  nienstruation  in  the  human  female.     It  is,  therefore,  iu.  i 

of  sexual  intercourse^  since  this  occnrs  in  virgins  as  well  as  in  niarri"d 
women.  Amongst  the  lower  animals  the  period  of  heat^  or  mtting,  is  that 
in  which  either  one  or  more  ova  are  liberated. 


OEGAHS  OF  Tel  BODY* 


Wlien  a  Graafian  vesicle  arrives  at  this  epcwh  of  ita  existence  it  under- 
goca  a  further  increaie  in  sixo.  owing  to  continuoua  piolifemtion  of  th« 
cells  of  the  internal  membrane  of  the  follicle  and  accuranJation  of  fluid 
Mrithin  it  It  now  gives  rise  to  a  prominence  on  the  surfuce  of  the  ovary, 
from  the  fact  of  ita  being  tense  and  a  wollen,  and  no  Jotiger  situated  in  the 
stroTua  of  the  organ,  but  merely  covered  by  a  tbin  layer  of  connective- 
tissue. 

FJnaJly,  there  comes  a  moment  at  which  the  wall  of  the  follicle  bocotnes 
80  stretched  and  distended  that  it  must  succumb  to  the  frm^es  acting  on 
it,  and  it  ruptures.  The  rent  always  tnkes  place  at  the  point  of  least  resist- 
ance, and  conaequently  in  the  external  surface  of  the  ovary,  which  is 
only  covered  by  a  thin  fibrous  envelope.  For  the  reception  of  the  ovum 
at  this  time  the  mtmm  uhdomtnale  of  the  Fallopian  tube  is  closely 
applied  to  the  iiirface  of  the  ovary. 

Tiie  ovum  now  cotumencea  ita  jotirncy  down  the  tube  towards  the 
uterus,  in  which  it  arrives  afU-T  some  days.  After  it  has  escaped  from 
th©  Graafian  follicle,  the  inherent  energies  of  the  encapsuled  cell  are 
aiioused  by  the  penetration  of  apennatoioa  into  its  yolk^  and  the  process 
of  iegroentation  commences  (fig,  537,  1),  which  ha*)  been  alroady  described* 
Thi»  process  continuing  for 
eome  time  (2),  a  miill>erry- 
like  aggregation  of  cells  is 
formed  (3),  which  constitutes 
the  inattTial  f«r  the  ecu- 
struction  of  the  new  indivi- 
dual This  process  was  for- 
merly very  generally  sup- 
posed to  be  preceded  by  the 
disappearance  of  the  nuctena 
of  the  ovum  or  so-called  ger* 
roinal  vesicle ;  but  from  re- 
cent obaervatiou  it  would 
appear  that  this  doi^  not  tiike 
plaee«  but  that  by  its  divi- 
aioB  it  is  bound  up  with  seg^ 
mant&tion  of  the  cell  in  the 
affnal  manner  of  endogenous 
growth. 

But  when  impregnation 
does  not  take  place,  the  ovum 
ifl  destroyed  within  the  gene- 
rative organs  by  a  process  of  liquifaction  or  solution.  This  is  what  occurs 
in  by  far  the  greater  number  of  cases  with  the  egg  of  the  human  female. 
And  if  we  take  into  consideration  the  number  of  menstrUÄtions  which 
occur  during  the  whole  time  that  a  woman  is  capable  of  bearing,  we  shall 
gain  some  nlea  of  the  numlier  of  follicles  requisite  to  supply  the  ova. 
This  is,  nevertheless,  exceeded  Ijy  far  by  the  enonnoua  production  of 
the  latter* 

Wc  have  now  to  consider  the  destiny  of  the  raptured  and  emptied 
Graafian  vesicle  (fig.  538).  The  latter,  soon  after  the  fulfilment  of  its 
ftmetions,  is  to  be  found  filled  up  with  dcatnei&l  eonnective-tisaue,  con* 
stitiiting  what  is  known  under  the  name  of  the  corpu»  luieum,  after  which 
it  gradually  disappears  entirely  in  the  stroma  of  tlie  organ. 


Ö0 


l-'^g,  MT.^f>it1»lan  af  tJip  inattinitU  ^rmm  (hill  dLijtrviQ' 
with  nni^ieL     f.   Qtiwlmit^rdl^    f.   A  Itrfe  saiiib«r  ol 
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ill:  ^C-'i 


vig^m. 


IT  we  examme  a  recently  raptured  follicle  very  minutely,  %Te  notice  in 
iniiny  instances  tlie  internal  tunic  projeütinf^  into  the  cavity  on  either 
feiUe  ill  fuld»  (Jig.  538,  e^*).     These  foKb  conaiat  of  young  exubenmt  c«ll- 

growths,  and  contain  in  ihm 

ax&fi   fasciculi  of   hard   ill-de- 

V  el  oped    tibrous    tisauo.      Oa 

the  coming  in  contact  of  th« 

.-  nrr™   1^     apices  of  the  folds  a  peculiar 

■>^lffV  system   of  septa  is  formed  of 

^/äm^/.  I        the  lattet,  the  cells  confitituting 

^iK^^^  tjj0   yellow  subdtance    of    the 

"'S  corpfiM  luteum. 

If,  agttin,  a  completed  cotpu» 
luteum  (of  a  cow,  for  instance, 
His)  be  closely  examined,  iiih 
fomid  to  have  a  peculiar  mal* 
atiog  etnicture,  prcHluced  by 
filametitoua  bands  passing  out 
from  a  central  tibrous  nuckii%  J 
the  Bo-fornicd  interspaces  being  occupied  by  a  soft  yellow  sub&taace.' 
The  whole  is  enclosed  within  the  oxtenial  membrane  of  tbe  follicle  to 
which  the  septa  are  attached.  The  vascularity  of  the  corpua  luteum  is 
extremely  great,  ami  it  contains,  like  the  re^t  of  the  ovary,  numerous 
lymphatic  vessels.  In  fact,  tbia  yellow  maas  may  be  numbered  amoDg 
tbe  most  vascular  parts  of  the  whole  body,  so  highly  developed  is  its  c&pil- 
laiy  network. 

Beside  this  vascular  Jj amework  we  find  two  forms  of  cellis  in  the  yejiow 
*5Ubstancc.  In  the  first  place,  there  am  fusiform  elements,  0*0338-0*0451 
in  length  and  0*0056-0  0068  nun.  in  breadth,  with  oval  elongated  iiucld; 
and  theUj  again»  we  meet  with  larger  ceUs,  0022Ü-0  0451  mm.  la  dinmeter, 
of  various  shapes,  and  containing  yellow  fatty  gruuuh?s  within  them 
(fig*  95,  a,  p*  y5).  The  furmcr  invest  at  oil  points  the  highly  deve- 
loped vascular  network  of  the  part  like  the  cells  of  a  ruduneutary 
mimniitla.  The  latter,  on  the  other  liantl,  occupy  the  narrow  me^hei 
between  these.  Thus  the  general  structure  of  tlie  mature  corpus  luteUtn 
corresponds  with  that  of  the  vtembt^ana  mfema  of  a  fully  developed 
Graafian  vesicle. 

The  yellow  body,  however,  does  not  long  remain  in  this  condition  of 
exuberant  grawth-  It  soon  begins  to  undergo  a  process  of  retrograde 
development,  dinimishing  at  the  same  time  in  magnitude  (fig.  538,  t)* 
This  change  commences  in  all  prübability  in  a  decay  of  the  atroTeTit 
arterial  tubes,  which  are  now  found  to  possess  enormously  tbickcned^ 
walle  {Hü),  For  some  time  we  may  still  recognise,  besides  the  vanishing 
yellow  masSi  the  remains  of  the  fibrous  septal  system,  and  external  foliiclu 
membrane,  distinguished  by  its  dark  brown  pigments  containeil  in  cells. 
This  colouring  matter  is  laid  down  along  the  course  of  the  vessels,  and  Ia 
possibly  metamorphosed  hiemoglobin, 

As  soon  as  this  pigment  has  been  absorbed,  the  yellow  aubstauoe, 
formerly  so  abuudant,  melts  gradually  away  with  the  ac^jacent  ovariaa 
tissvie,  until  it  is  no  longer  recognisable. 

The  time  conaum^  in  tliis  retro^^ressiva  prooeae  T&rle«  considerubly. 
When  pregnancy  does  not  supervene  upon  menstruatioa»  the  chanK'^'^ 
mentioned  follow  cue  another  in  rapid  succession.     But  if  gravidity  tAkci  < 


pboe,  the  proctsss  !s  carried  on  with  greater  tardiness :  ilw  yellow  body 
increases  in  miignitiide»  rem^tius  for  &fime  mouths  at  a  Irigh  degree  of 
deTelopmeDt,  and  only  recedes  after  four  or  five  motjtii3.  At  tUe  eßd 
of  pregnancy  it  bns  not  yet  di^ppearod.  Theae  dilferoncea  appear  to  bo 
occftftbned  by  the  conti  nuona  increase  of  vascularity  in  the  organs  of 
generation  in  the  latter  case,  compared  with  the  more  transitory  exeito- 
luent  in  the  first  inatance,  ITie  corpora  lutea  have  been  classified,  owing 
to  this>  into  tim  m\d/alsr. 

§279, 

We  now  turn  to  the  consideration  vt  the  FaHoplim  tubes  and 
utofuu. 

The  firat  of  tbeHo  may  be  Jividetl  into  two  portions,  namely,  an  upper 
and  more  or  ksa  tortuouja  half  of  greater  diamet^jr,  known  m  the  anipuUa 
oi  Hejiii*;  and  an  inferior  and  much  narrower  3mlf,  which  leads  into  the 
utenis,  the  isthnnts  of  BaHmw.  They  present  nn  extcrnal  layer  of  con- 
nective-tissue belonging  to  the  peritoneum,  and  beneath  this  a  muscular 
tunic,  consisting  of  longitudinal  involuntary  fibres,  on  the  outi^ide,  and 
transverse  fibres  within.  The  cells  of  this  coat,  largely  m  termi  xed  w  ith  con- 
nect! ve-tiaaue,  are  extremely  difficult  to  isolate-  During  preganncy  this  u 
somewhat  easier.  The  mucous  membrane  of  the  tubes  is  entirely  deatitut© 
of  glands.  In  the  isthmus  it  is  eovereil  with  imall  loügitudiiml  folds ; 
in  the  ampulla  with  a  series  of  very  considerable  ones,  which  are  stipplied, 
as  I  find  in  the  pig,  with  a  very  complex  network  of  looped  vessels,  and 
almost  closQ  the  lumen  completely.  Its  ciliiited  epithelium  {p,  150), 
which  extends  as  far  as  the  external  aurfice  of  the  timbriie,  moves  in  a 
cOiai^  wave  directed  towards  the  uterus.  Aa  in  tlie  mucous  mcmbmno 
of  the  uterus,  so  also  here  do  we  miss  those  goblet  cells  described  by 
Bchulze* 

The  tttcrus  or  womb^  although  it  unJergnes  numerous  clianges  during 
the  earlier  periods  of  existence,  owing  to  tlje  proceeds  of  menstruation 
ftnd  pregnancy,  is  nevertheless  in  many  points  similar  in  structure  to  the 
iubcB  FallcpiL  Its  muscuhir  tissue  is,  however,  of  greater  strength,  and 
ita  mucous  membrane  contains  glands. 

The  fieshy  mass  of  the  uterus  consists  of  transverse,  oblique,  and  longi- 
tudinal bundles  of  smooth  muscular  dbres,  interlacing  in  every  conceiv- 
able direction  (p.  285).  To  a  certain  extent  we  may  distinguish  three 
layers,  of  which  the  middle  is  the  thickest.  Around  the  neck  of  the 
womb  the  fibres  are  arranged  in  transverse  bundles,  so  as  to  form  a  regu- 
lar ^hhictcT  ttteri.  In  this  neighbonrhood  the  contractile  fibre-cells 
are  particularly  difficult  to  isolate  if  the  organ  is  not  in  the  gravid  con- 
dition. 

In  tlie  mucous  membrane  of  the  uterus  (which  is  closely  adherent  to  the 
muscular  tissue,  and  exchanges  with  it  many  of  its  elemeuU  of  fonn),  we 
lind  both  in  the  body  and  cervix  a  network  of  stellate  a  ml  fusiform 
colls  similar  to  those  of  the  framework  of  lymphoid  organs  (ilenlej  Lind- 
gren). 

Those  biimls  of  smooth  muscular  fibres  which  extend  into  it  appear  to 
tenninato  in  its  deeper  strata.  The  mucous  tissue  of  the  vaginal  portion 
w*as  found  by  Lhidf/rcn  to  be  traversed  by  vertical  bantls  of  t^laatic  fibres, 
connectf^d  with  one  another  in  arches  near  the  surface.  The  body  and 
parts  of  the  neck  also  of  the  nterns  present  ciliated  epithelial  elements, 
described  at  a  very  early  period  as  simple  columnar  cells  without  cilia. 
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But  the  lower  portioni  of  the  cervix  am  lintd  by  the  Sam«  flattened 
epitJieLium  met  with  in  the  vagina  (p,  lil). 

The  surface  of  the  mucous  memhrane  varies  also  accotdiag  to  locality. 
In  the  fundus  and  body  it  ia  stDooth  and  dealittite  of  ]>»pi]lse,  wbila 
numerous  transvenie  folds  of  plituß  pcdmat^  occur  in  the  cervix,  and  manv 
mucous  papilljB  in  its  lower  portion,  with  vj^cuUir  loopa  in  their  interior. 
These  are  particulariy  abundant  about  the  os,  and  are  met  with  throii);h- 
out  the  vagina. 

The  same  diversity  is  luanifcÄt  in  the  occurrence  of  the  (flarul^.  In  the 
fundus  and  body  of  the  organ  they  sire  crowded  together»  subject  to 
variations,  in  this  respect,  in  dilfereut  individoals.  These  glandulcB  uhi^j 
asiares  are  found  in  the  form  of  eitbi^r  branching  or  undivided  tut 
about  1*13  ram.  iu  length,  and  0 '045 1 ^0-0751  mm.  in  breadth,  Tboy  maf^ 
howeveri  exceed  in  both  directions.  They  are  lined  internally  by  cola 
cells,  and  resemble  in  many  respects  the  mucons  glands  of  thü 
mach  {§  252),  or  crypts  of  Lieherkühn  of  the  intestine,  though  frequentlj 
convoluted  at  their  inferior  extremitiea.  They  are  either  entirely  dest^ 
tute  of  a  oiembraua  propria,  or  the  latter  is  only  present  towards 
mouth  of  the  gland.  In  the  pig  the  uterine  glands  are  clotba 
within  hy  ciliated  epithelium,  as  was  pointed  out  many  years  ago 
Leijdiff,  More  recently  the  same  species  of  epithelium  has  been  foq 
by  Loii  in  these  gland»,  in  various  other  mammals.  In  the  cervix  tliey 
are  no  longer  to  be  found  {Hetäe),  hut  are  replaced  by  numerous  depres- 
sions in  the  mucous  tissue,  lined  with  columnar  ceUs^  which  appear  b^ 
tween  its  folds.  These  have  been  by  some  included  among  the  glands  of 
the  organ. 

Both  these  stnictures,  but  especially  tlie  latter,  preside  over  the 
tion  of  the  alkaline  mucus  of  the  uterus.     Kot  unfrequently  the  lltttil 
pita  just  mentioned  hecorae  occluded,  and  in  consequence  dUtended  with  [ 
mucus.      They  then  pre^nt  themselves  in  the  form  of  small    round 
vesicles,  known  as  the  ovula  NahothL 

The  large   arterial  tubes  of  the  uterus»   which  is  very   vascular,  am  * 
chiefly  situatc'd  in  the  external  and  middle  muscular  coats.     The  eaptl-l 
lary  networks  are  to  be  found  in  the  mucous  membrane,   the  coarser 
in  the  deet>er  portions  of  the  latter,  the  more  delicate  near  the  iiurlaf!<^ : 
they  are  mtber  irregular  as  to  their  arrangement,  however.     Both  kind* , 
of  vessels  are  possessed,  iu  tlie  mucosa  of  the  body  of  the  uterus,  of  very 
delicate  walb,  while  in  that  of  the  cervix  the  latterare  extremely  thick  J 
(Henle).     The  radicles  of  the  veins  are  wide,  and  the  walls  of  the  latter 
are  intimately  connected  with  the  tissue  of  the  organ.     They  occur  in  the 
form  of  a  dense  plexus,  especially  in  the  middle  layer  of  the  mascla  sub- 
stance, and  are  entirely  without  valves.     I'he  armugement  here,  as  in  Üifi 
ovary,  was  pointed  out  by  Rowjci  to  be  similar  to  that  of  the  corpora 
cavernosa, 

Lijmphaiic^  w^ere  long   ago   observ^l  in  the    gmvid  uterus,    prüid- 
paUy  iu  the  outer  portions  of  its  walls,  but  those  of  the  mucosa  re> 
mained  for  a  long  while  unknown.     Here  they  were  found,  howerciri 
by  Lindfjren^  arranged  (in  the  cervix)  in  retiform  and  arched  passigei^l 
ending  under  the  surface  of  the  mucous  membrane,  either  blind  or  in 
loops,  and  passing  fioxn  thence  into  a  deeper  wide^meshed  network  of 
latig^r  canals.     The  portio   vaghmlU  possesses  just  the  same  kind  of  | 
vessels.     The  mucous  membrane  of  t!ie  body  of  the  organ  leqidres  furthorJ 
obeervatiou« 
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The  nerves  of  the  uterus  have  been  very  carefully  investigated  by  Fran- 
kenhäuser.  They  are  derived  from  the  genital  or  spermatic  ganglia,  and 
throagh  these  from  the  so-called  plexus  uterinus  magnus  and  p.  hypo- 
gasiriciy  to  which  branches  of  the  sacral  nerves  are  given  off. 

On  the  posterior  wall  of  tlie  neck  of  the  uterus  is  situated  a  ganglionic 
mass  of  considerable  size,  the  ganglion  cervicale  of  Lee,  From  this  most 
of  the  nerves  supplying  tlie  organ  take  their  rise  beside  vaginal  and 
vesical  twigs.  Only  a  very  small  number  come  from  the  p.  hypogastricus. 
The  course  of  the  nerves  in  tlie  walk  of  the  organ  usually  corresponds 
with  that  of  the  blood-vessels ;  it  is,  however,  very  hard  to  follow.  In 
regard  to  the  ganglia  found  here,  we  refer  to  §  189.  The  termination 
also  of  the  filaments  in  the  muscular  substance  has  been  likewise  dealt 
with  in  §  183. 

In  the  ligamenta  lata  bundles  of  unstriped  fibres  are  to  be  found 
between  their  two  layers.  The  round  ligaments  are,  however,  still  more 
richly  supplied  with  these  elements,  besides  which  they  contain  volun- 
tary fibres.     On  the  other  hand,  the  Ug,  ovarii  are  but  slightly  muscular. 

During  menstruation  the  uterus  becomes  looser  in  texture  and  increased 
in  volume  owing  to  a  great  influx  of  blood  into  it  at  this  time.  At  the 
same  time,  the  glands  of  the  mucosa  increase  considerably  both  in 
length  and  breadth.  A  discharge  of  blood  takes  place  also  from  the 
gorged  capillaries  of  the  mucous  membrane,  the  walls  of  the  latter  being 
either  ruptured  in  the  act,  or,  by  the  passage,  as  some  believe,  of  red  cor- 
puscles through  the  uninjured  walls.  The  blood  of  menstruation,  which 
is  poured  out  at  the  external  genitals  (p.  121),  is  found  besides  to  contain 
a  large  admixture  of  cosi-otf  uterine  epithelium. 

During  ^^rr^waz/r//  the  uterus  undergoes  a  considerable  increase  in 
volume,  ati'ecting  principally  the  muscular  layers,  and,  as  microscopical 
analysis  has  shown,  consisting  in  a  remarkable  growth  of  the  contractile 
fibre-cells  (§  173)  (which  may  now  be  easily  separated  from  one  another) 
as  well  as  in  a  multiplication  or  neoplasis  of  the  same,  at  least  at  the 
commencement  of  the  period. 

Both  the  blood-vessels  and  lymphatics,  as  might  be  expected,  partici- 
pate also  in  this  increase  in  size. 

It  is  also  an  interesting  fact,  that  the  nerves  of  the  uterus  becomes 
thicker  and  grayer  at  the  same  time  through  thickening  of  their  peri- 
neurium, while  the  individual  fibrillar  present  a  darker  outline  than 
before,  so  that  they  can  now  be  followed  farther  into  the  parenchyma 
(Kilian),  That  the  number  of  primitive  fibrillie  actually  becomes  larger 
is  a  matter  greatly  to  be  doubted. 

We  must  now  bestow  a  few  words  on  the  most  important  of  all  the 
changes  which  take  place  here,  namely,  the  metamorphosis  of  the  mucous 
membrane.  Already  before  the  arrival  of  the  ovum  in  the  cavity  of  the 
uterus  this  structure  becomes  thicker,  softer,  and  more  vascular.  Further, 
its  fibrous  elements  gaining  in  number,  and  the  uterine  glands  increasing  to 
four  or  five  times  their  original  length,  a  separation  takes  place  between  it 
and  the  inner  surface  of  the  uterus.  Covering  the  ovum,  now  it  is  known 
as  the  deeidua.  After  parturition  a  new  mucous  membrane  and  new  glands 
are  formed  on  the  surface  of  the  uterine  cavity,  a  regeneration  of  which 
neither  of  the  two  tissues  are  capable  under  normal  circumstances.  The 
involuntary  fibres  of  the  womb  undergo,  about  the  same  time,  fatty 
degeneration,  i*etrograde  development,  and  partial  destruction. 
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Tbe  vofftna^  an  elastic  tube.  Is  to  a  ceiiaiti  extent  a  contmuaii&n,  a«  fmr 
OS  itracture  goe^»  of  the  generative  GTgj^tiR  aityated  liigher  up.  In  it  i 
find  a  kjer  t>f  muacular  tibres  internal  to  a  thick  envdope  of  conncctiir 
tiasue,  loc»s€  witboul  and  dense  within,  and  containing  nnmrmtis  eU^' 
elements.  Thia  moseular  coat  consiats  of  a  layer  of  longtttidiiud  ühim 
intemaJly,  and  another  of  circular  iaeeicnll  exteiualij;  THg  tnnccMSA 
membrane  of  the  part  present«  lidgea  and  protuberancea  which  go  1>t  lb« 
name  of  eo^umni:^  rugarum^  besides  iff^hich  it  ia  poaaeeaed  of  nntQ 
papillae,  aimiJar  to  those  of  the  cervix  uteri,  Ijing  nndemeath  ita  flit 
epttheliuin.  It  appeaia  to  be  quite  destitute  of  njucous  glands,  and  tta  j 
tions  have  an  acid  reaction. 

The  hymen  u  nothing  but  a  duplieature  of  mucous  memhratJf  ridi  ta 
nerves  atid  Tesseb. 

The  vasadar  ^i/ittem  of  tlie  vaginal  wall  has  a  dilTerent  anttnj^pment  tor 
each  of  tba  three  k)*ers  of  tEie  latter,  and  is  remarkable  fur  the  Ktgk 
degree  of  development  of  the  venous  networks.  But  little  1%  knoim,  on 
the  other  hand^  of  the  I^mphaiic/f  of  the  part,  but  scattered  I}^mpboäd 
follicles  have  been  met  with  in  the  va^nal  mucous  membrane  of  boftk 
man  and  the  mammalia,  and  coii^iderabUt  patcbea  have  been  obeerv«!  lo 
jiresent  an  infiltration  with  1  vmph-cells.  The  nerr^  bj  which  it  is  sup 
plied  are  derived  from  the  sympathetic  and  fAej-u*  pttdtfidug.  In  laan 
their  termination  in  papill»  has  not  been  rectignised,  altboiigh  their  fibm 
are  seen  to  divide ;  but  in  the  rabbit  the  vaginal  tunica  are  suppltcfi  with 
terminal  bulbs  and  Pacinian  bodies  {Krau»),     Bee  p.  ZZZ. 

The  external  female  genitals  consif^t  of  the  diiorü  and  M/i*t  iru^fan 
and  minofcu 

The  ditoru  u  posseased  nf  a  prepuce  or  fold  of  mucous  Tnemlwaaa 
continuous  with  that  covering  the  glans,  in  which  situation  it  is  aopfilnd 
with  numerous  papilla?.  Its  corpora  cavernosa  and  hulLi  ty^HmH  are 
analogous  to  the  cavernous  portions  of  the  male  oi^gan  (see  below). 

The  labm  minora^  or  mjrnphm^  are  also  small  duplicaturea  cif  mao 
mem  braue.     They  present  numerous  papillae  and  very  Yascnlar  conne 
tissue  \\iihout  any  fat  cells*     In  them,  as  in  the  external  parts  of  j 
tion,  numerous  sebaceous  glands,  without  hairs,  are  to  \m  found* 

The  labia  maji/ra — folds  of  skin  padded  with   fat^present  on 
internal  surface  all  tlie  characters  of  a  mucous  membiajie,  white  exter 
their  structure  is  that  of  the  skin.      On  their  outer  surface   Xhtsj 
covered  with  h^iii?,  into  wlio^  follicles  numbers  cf  fiebacedus  glands  |¥Ktr 
out  their  gecretions. 

The  veetihuium  and  opening  of  the  vagina  containa  nxmij  Ofdti 
racemose  mucous  glands,  of  which  the  largest,  attaining  a  dianici^f  < 
15  mm*  are  known  as  the  glands  of  Barthoiin  orDuvcmeif^  which  open  with 
tolerably  long  excretory  duets  inio  the  yeatibule.     7'hey  corre;spond  tuj 
Qßtcp^s  glands  in  the  male  generative  appamtus.     They  ktq  lined 
low  columnar  epithelial  eelb,  and  filled  with  a  transparent  mucoid 
tion  of  viscirl  consistence. 

The  biood-vesmhf  of  the  part,  with  the  exception  of  those  of  the  « 
eavernoaa  have  nothing  remarkable  about  them.  The  iymphoHe»  le^u 
closer  study,  as  also  the  nerves  which  spring  from  the  pte^ita  psidemdMS  of 
the  aym  pathetic,  llie  latter  are  stated  by  KoeUOxr  to  lenmsftte  in 
certain  papillte  of  the  clitoris  iu  ä  manner  dmilar  to  their  anmngemeKit  in 
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ibe  tactile  corpuscles.     These  observations  have  been  sbo©  coiiHrmud  hy 

the  discovery  of  the  pre^sence  in  thia  organ  of  end  bujba,  ag  they  are 
cuiHed,  ttud  other  miilberry-t?hap<?d  termiiml  stnicturü«  alltml  to  thcnij  tho 
t^niitil  iHfdks  { }Voii*iHtkÖrj}eiYlien  of  KrattM*\  Fiftfft^r),  Pacifiian  cor* 
liust'les  hiive  also  been  found  in  the  labi«  ninjon\,  where  they  merge  into 
the  ny mpha),  and  in  the  pneptitluni  clitoridia  (Se^ifceigfjer-Seid^fl), 


§281. 

Tlie  ftmmnmr^  fjUtmü^  which  only  attain  their  full  dev*ilopniimt  In  tho 
female  body  and  eorrespondtng  secretory  power,  belong  tf»  the  gnmt  gniup 
of  racemose  organs,   as  . 


n 


:\  6 


ii 


has    been    already    re- 

marked  {p.  35^).  Thtsy 
rire  peculiar,  however, 
in  that  each  organ  doea 
not  empty  iteelf  event- 
imily  into  one  .single  ex- 
cretory duf^L  In  (nth«-T 
breA&t  the  niilk  is  poured 
out  hy  from  eighteen  to 
twenty  canals  or  fßänt> 
iophrroint  iiuciif  nA  they 
arts  cüilml,  t'a«:h  of  wlncb 
belong!  to  one  of  tlie 
primary  lobc*s,  or,  heiter 
enprcssaeil,  glands.  Hav- 
ing alr*^aily  fimiueutly 
reförrud  to  thu  nut  urn 
of  racemose  glands,  we 
need  only  remark  here^ 
that  in  this  particular 
inRtauee  the  end  vesicles 
(formed  of  a  homoge- 
neous mt'Oibrana  pro- 
pria) are  more  sibarply 
definod  one  from  the 
atlier,  alao  that  thtur 
foim  is  tpherical  or  |K;ar- 
shaped«  e>ac]i  having  a 
dkmeter  of  between 
0-112aand018T2  mm. 
(%  539,  1,  2,  a). 
Their  mem  bran  a  propria 
preient«!  80  in  other 
allied  glandular  organSj  a  network  of  Hatte  aed  stöUate  *.  *  il  1 7 .  ^v .  /^ /*) .  Both 
the  lobulea  and  lobes  are  «nveloped  in  fatty  connective-tiääue,  which  givea 
to  the  breast  it«  usual  smooth  rounded  appearance.  The  fiinner  are 
alflo  invested  in  the  characterislic  vnt^ttittr  fwtwoHm  of  I'aeemoee  gland«, 
Uf  the  bjmphidk»  of  the  organ  b>it  little  \%  known  at  pn^sent»  and  the 
f^rm»  of  the  interior  have  but  rarely  been  the  objects  of  researeh*  The 
infliiaiice  of  the  latter  on  the  proees»  of  secretion  has  likewise  never  been 
deinonstmted  exf*eTimentftllv,    'A*he  interior  of  the  vedcleifl  k  lined  finally 
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Flif.  4^9,-*Thc  müttiniJirv  i;l^»>t:  f«r  tb«  mal  I**«  »ft«r  Lmt^ßr. 
t,  A  Inlmli',  fn^ni  i  Fu  mri  nm.  i<r  tin.'  kTkuiI  of  ■  bir^iiint  waiuAti« 
1  u.  vfdklt«:  *^.  ^  .     .  r,  fj^,^^  nr,  Infant,    4*  (t*1m^ 

f  i>l^h  Mil  ii(»  it  IK  t  I  p  1 .    5.  Till?  ta  jhc  fTiiin  ft  Klt^l 
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hf  ordinary  cubical  or  polygonal  cells  aljout  0*0113  mm,  in  dianietcf  (ßg 
540), 

It  is  an  interesting  fact,  that  here  also  that  well-known  network  of  ^«y 
delic-ate  ttibules  already  jiientioned  (5  195)  may  be  renxlered  vmble  by  in- 
jection, between  the  cells  in  the  interior  of 
the  acini  {Qianti^zi  and  FalmcAi).  Accottl- 
ing  to  Laufji^r^  however,  no  tibnjua  net«*ork 
can  bo  discovered  within  the  glaiid  vesicle«. 

The  excretory  ducts  terminate  amid  the     _ 
M'rinkles  of  the  mamiüa  with  onUcea  abo^^fl 
0*7  mm.  in  diameter.     Following  them  !ä^l 
into  the  gland^  we  £nd   theiu   travelling 
the  nmmilla  in  the  form  of  tubes  measuring 
from   11  to  2  2  mm.  across.     At  the  base 
of  the   nipple  they  become    dilated   ijito 
what  are  known  as  th«    saccuH  ladi/fn, 
diverticula  of  from  4 -5  to  6^0  mm.  in  trans- 
verse mea^ufemeut     After  this  they  tht?« 
become  narrowed  again  to  2*2-4  5,  and  eon- 
tiiiue  their  course  with  rapid  mniiticatk-ii 
down  to  the  ultimate  vesicles. 

The  excretory  canab  r>f   the  lactiferoQR 

system  present  a  linioj:;  of  columnar  ceU& 

Their  walls  are   composed    of   connect! ve-tiRfiue  and  a   layer   of  elaatic 

fibres  lying  internally,  and  possibly  alao  a  few  niuscular  element«  occur 

here,  as  they  are  to  he  found  airmnd  the  loboke  (Henle). 

Both  the  nipple  and  areola,  however,  remarkable  for  their  dark  colour 
and  contractility,  are  posaesaed  of  these  uti striped  mut^cular  übres  in 
abundance.  In  the  former  are  to  be  found  principally  transverse  bancli 
interaecting  eat;h  other,  w  hilo  longitudinal  bundles  are  of  less  frequency. 
The  arrangement  of  the  bundles  in  the  latter  is  cbie&y  circular,  these 
being  again  crossed  by  radiating  bands  (Henh),  The  mamilia  contain« 
numerous  |mpillse,  and  tha  areola  sebaceous  glanda. 

It  may  bo  well  to  turn  now  for  a  moment  to  the  tievtlopineni  of  th« 
organ. 

Like  other  glands  connected  with  the  ekin  (§  200),  the  mamma  take« 
its  origin  from  the  corneal  germinal  plate  in  the  form  of  a  growth  inward» 
of  the  cells  of  lite  latter.  Jn  the  fourth  or  titth  month  of  intm-iit<?ritii^ 
life  it  may  be  found  as  a  solid  müsg  of  flattened  globular  or  knohbtHl 
tigure,  envelopied  in  the  fibrous  layer  of  the  ekin,  and  consisting  of  cells  of 
the  rete  Malpüjhi  {KoclUk€^i\  Langer).  A  few  weeks  later  (hg.  541)  we 
remark  that  the  knobbed  process  (a)  has  given  off  new  solid  buds  (fc,d 
through  cell  proliferatiom  These  are  the  Brst  rudimenta  of  the  ducta  of 
the  primary  iobos,  and  are  distitied  to  further  gemmation  (r).  Up  to  thi- 
time  of  birth  {hg.  539,  3),  however,  the  rudiinentary  vesicles  have  not 
l>een  formed.  During  all  tins  time  the  border  is  always  more  liighly 
developed  than  tJ*e  central  portions,  as  wo  might  infer  from  the  diskoid 
figure  of  the  gland,  and  this  continues  to  be  its  condition  until  the  end 
{Langer).  The  ducts  of  the  mammary  gland  of  the  inlknt  present  fibroins 
walls  lined  with  small  cells.  At  their  ends  we  find  solid  aggregations  of 
cells  of  irregular  shape,  the  formative  material  for  farther  ramitication« 

Even  during  childhood,  and  in  girls  (fig.  539,  4)  as  well  as  boys  (5), 
the  development  of  terminal  vehicles  has  not  yet  begun  ;  the  ranala  con 
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tiuuc  to  ]in?sent  the  aame  structure  as  LefoTe.     The  female  breast  ia^  how- 
ever, at  t]jis  period  in  a  more  perfect  state  than  tlia  male. 

At  the  coraraencernent  of  puberty  the  fonuation  of  ft  cousideraLle 
number  of  gland- vesicles  tjikee  pkce  iu  the  female  breast,  and  with  tolerable 
rapidity,  üuusing  the  organ  In  aasume  its  well-known  shape*  But  even 
still»  and  thnjughöut  the  whole  terra  of  virginity,  the  gland  does  not  attain 
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f^g  Wl— 'Tlje  mammtTf  jftftnd  from  i 
ntitura  fo^tuN  a.itfr  Lanier ^,  a.  cL^ntral 
kn«l»t«f4l  mQM  with  miAll^r  iDterrfel  t 
«A  J  c,  liLrj^tT  ext^tnnJ  bud«. 


fro»  WDmaA  «0  jüvt»  of  ^e. 


anything  like  its  full  development,  for  which  the  fiuperveiition  of  the 
Ürat  pregnancy  is  requisite.  In  this  eUie  of  maturity  it  remains  through- 
out  the  whole  period  of  fecundity»  de*^r easing,  however  in  si^e  when  at 
rest»  and  losing  some  of  its  vesieiea.  Finally,  with  the  decline  of  the 
reprodnefcive  powers  a  retrograde  develcipment  of  the  mammary  gland 
takes  place,  with  gradual  disappearance  of  all  its  terminal  veaicleät  and 
destruction  of  the  smaller  ducts«  until  eventuhdiy  nothing  but  fatty  tissue 
m  to  be  found  in  its  place.  It  is  represenl^ed  in  thid  condition  in  tig* 
542.  Here  the  canals  only  are  to  lie  found;  everything  eke  has  dis- 
appeared.    The  intergtilial  connective-tissue  appeara  rieh  in  elastic  hbres 

The  mamniary  gland  of  the  male  (fig,  <539^  6),  with  very  rare  exceptioni, 
never  attains  the  same  degree  of  developtnent  as  in  the  female.  In  it  wo 
generally  tind  nothing  hut  a  synteni  of  ductSt  varying  greatly  in  size,  no 
tn«e  of  terminal  secreting  vesicles  being  apparent  (LattQer), 

Milk  is  an  opaque  bluish  or  \Tll0wi0h -white  fluid,  without  otiour, 
«weetish  to  the  taste,  T^ith  a  slightly  ulkaline  reai^tion,  and  a  gp.  gr.  usually 
of  about  I  028-1  034.  When  ktpt  in  a  state  of  rest  it  Mjpumtes  into  two 
strata — an  upper,  thick,  fatty,  and  white  (cream);  and  a  lower  of  mneh 
thinner  consistence.  Some  considerable  time  after  this  a  proeesa  is  set  up, 
in  which  its  alkaline  reaction  is  changed  for  an  acid  by  the  conversion  of 
sugar  of  milk  into  lactic  acid.  As  a  consequence  of  thi^,  the  casein  con* 
tained  in  the  fluid  coagulates,  a  change  which  is  also  etfected  by  contact 
with  the  mucous  membrane  of  the  stomach  (p.  17), 

Anatoiuically,  milk  consists  of  a  transparent  fluid»  in  wHch  innumer* 
able  fatty  globules  are  suspended  :  it  is  therefore  an  emulsion. 
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TheÄ6 gMmlm  {fig*  543, a) , present  the  usual  optical  characteraof  oil  <       _ 

aBil  an  average  diameter  of  Ü'0023-0-0090  mm.     Under  ordinarj-  circnm^ 

Btancea  they  do  not  coalesce,  l>iit  do  so  readily  on  the  addition  of  acetic  acid, 

sbowiDg  that  each  particle  poeiesses  a  yery  delicate 

0°  ^  *  ly         membrane  of  some  protein  subsUnce,  probably  caäetn. 

Q^pp/.O  The  microscopic   appearance,    howeTer^    of  mitt, 

(-^  O  whith  is  secreted  in  the  last  days  of  pregnancy,  and 

^  immediately  «iler  parturition,  continuing  sometimes, 

«even  under  abnormal  conditions,  for  a  longer  pedod, 
is  quite  ditferenti    Tliia  fluid  is  known  oa  colmtrum, 
iSß  ^^     s  It  is  of  strong  alkaline  reaction,  rich  in  solid  con- 

stittients  and  salts,  and  contains,  besides  fatty  globules, 
other  bodies  to  which  the  name  of  colostrum  c&r- 
pu^en  has  been  given.  These  (&)  are  spherical  struc- 
tures of  from  0'0151  to  00564  in  fUometer,  consisting 
of  an  agglomemtion  of  oil  globules»  held  to;?ether  by  some  speci<%8  of 
cement  Sometimes  a  nucleus  may  be  found  in  them,  besides  which 
they  are  enrlowed  with  the  power  of  contractility,  sluggish  no  doubt^  but 
nnnüätakablc^  (8lrickf.'}%  Schwarz). 

Takin<^  milt  chemically^  we  find  in  it,  besides  water,  caeein  (p.  17), 
fWiiii-at  fat^  {p.  26),  end  a  kind  of  sugar  known  as  eugar  of  milk  <p.  33|; 
further,  e;Mractit^m  and  mtneral  cofwtttuenlii^  free  carhonic  aeid^  au<l 
nitrogen,  gase.^,  and  smaJl  quantities  of  o^i/gm  {Hoppe),  Even  blood  and 
bile  pigments  may  also  be  abnormally  present 

Oamn  is  generally  supposed  to  occur  partly  in  combination  with  soda, 
dissolved  in  the  watety  portion  of  the  milk,  and  partly,  as  we  have  alu^«! 
remarked,  coagulated  in  the  form  of  delicate  membranes  around  the  m\t 
globules.  The  amount  of  phos[)hate  of  calcium  present  in  this  fluid 
quite  remarkable«  Albumen  also  appears  to  exist  in  milk,  but  in  eolos- 
trtitu  it  is  undoubtedly  present  The  neutral  fatä  of  the  milk  consist 
first  of  the  ordinary  fatty  matters»  and  then  of  those  which,  on  saponili- 
cation,  set  free  huiiß'ic^  cttpronic^  caprylie^  and  capinw  acidi  (p.  25). 
We  have  already  sjKikcn  of  them  in  detail  in  an  earlier  section.  I'lie 
gu^ar  of  milk  is  found  in  solution,  as  also  the  extraetim»  and  the  migority 
of  the  mineral  iugrcdlenU.  The  latter  consist  of  chlorides  of  sodium  and 
potaaium,  of  combinations  of  phosphoric  acid  with  the  alkalies  and  earths, 
and  of  üoda  and  potash  with  casein ;  iron  is  also  present.  Tho  insoluble 
salts  usually  preponderate. 

The  name  ^^  fairy *s  milk"  (Ilexen milch)  has  been  applied  to  a  peculiai 
milky  secretion  protlnced  by  the  mammary  gland?  of  infants  for  some 
days  after  birth. 

In  the  quantitive  analysis  of  human  milk  we  must  bear  in  mind  thai  it 
varies  considerably  according  to  age  of  the  individual,  and  nature  of  fmxl 
indulged  in  by  the  latter.  Theae  variations  are  much  more  decidodly 
marked  in  many  of  the  mammalia.  The  following  is  an  analysis  of 
BimmC«  :— 

1000  parts  contain — 

Water 8S0  6 

Casern, 37  0 

Sugar  of  milk,   .        .        .        .        .        ,  45  4 

Fatty  matters,    ,         .         <         ,         -         ,  34  0 

Extmctives  and  salts,          «        .        •         •  3^0 
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The  proportion  of  casein  in  woman's  milk  is,  accorrling  to  Simon f  about 
5'5  per  cent,  on  an  average ;  that  of  fata,  2'5--4  per  cent.  ]  of  sugar  of  milk, 
between  4  and  6  per  cent ;  of  salta  (among  which  phospkatic  earths  pre- 
dominate), 0*16-0*20  per  cent. 

The  average  amount  of  milk  secreted  daily  bj  the  human  female, 
during  the  period  of  lactatiouj  is  somewhat  over  1000  grammea.  About 
50  or  60  gramme«  may  be  produced  hj  one  breast  in  two  hours  (Lam- 

ITie  uae  of  mUk  ia,  as  is  well  known,  for  Üie  aliment  of  the  infant  It 
ia  secrete*!  at  the  expeae«  of  the  nutritive  material  of  the  molher*s  blood> 
and  may  he  designated  m  th«  prototype  of  all  aliment 

If  we  compare  the  ingredients  of  milk  with  those  of  the  plasma  of  the 
blüod  (p,  115),  w©  find  thai  the  mioeral  constituents  of  the  latter  may 
have  simply  traiiBuded  into  the  former,  somewhat  in  the  same  manner  as 
that  in  which  they  find  their  way  into  the  urine.  But  the  three  series  of 
organic  substances  are  not  to  be  found  as  such  in  the  blood,  or,  if  60> 
only  in  small  amount  To  the  firat  of  these,  casein  and  sugar  of  milk 
belong,  the  sources  of  %vhich  may  be  regarded  as  albumen  and  gnape  sugar; 
to  the  third  the  fatty  mat  term.  All  this  seems  to  indicati?  an  inherent 
power  in  the  mammary  gland  of  causing  a  species  of  fermentation,  as  also 
of  producing  withm  its  ceSlt*  a  part,  at  least,  of  the  oily  matters  found  in 
the  mÜk« 

The  mode  in  which  the  secretion  of  the  mammary  gland  i^  prod  t iced  in 
the  interior  of  the  vesicles  is  ßimilar  to  that  in  which  the  ftebaceous 
matter  of  the  skin  is  formed.  The  gland- eel  Is  become  on  laired  by  the 
generation  within  them  of  oil  globules  (fig.  531),  2,  h\  and  are  in  this  way 
physiologically  destroyed,  at  le^at  in  many  cases,  although  the  memhrane- 
lesa  body  of  the  contractile  gland-eell  no  dt/ubt  fifquently  enough 
dimply  disgorges  its  fatty  contents.  During  the  less  »rtive  formation  of 
the  ooloatrum  theso  cells,  or  fragments  of  them,  are  carried  elf  in  the 
watery  portion  of  the  milk.  The  gland-cell  of  the  suckling  woman  is 
regarded  by  us  as  a  v^t^  transitory  structure. 

§283. 

The  male  generative  apjmrutus  consists  of  tteo  testicles,  enclosed  in  the 
jicroturftt  and  invested  with  their  several  tunics ;  of  the  excretory  duct§^ 
em[> tying  themselves  into  the  urethra;  of  the  copulatim  organ;  and, 
filially^  of  aceesmry  structureB.  Among  the  latter  we  liave  the  single 
prostatic  ^iand^  a  pair  of  glands  known  ns  Cowp€r\  and  the  vemculm 
seminaie^. 

The  teaih,  with  its  a^oessoiy  epMidfimis^  is  a  gland  consisting  of  a 
multitude  of  fine  and  very  tortuous  tubules,  known  as  ibe  titbuU  semi^ 
ni/erL  The  whole  is  covered  by  a  fibrous  investment,  to  which  Ibe  name 
of  trmka  albuginea^  #.  propria  tt'sth  {p.  227),  has  been  given, — a  tough, 
whitish  membrane  of  considerable  thickness.  It  is  again  cont^iineii  within 
another  sac,  the  hanea  vaginalis  jyroprio^  a  serous  investment^  whose 
internal  portion  (/.  tidnuta)  cannot  be  distinguished  frtan  the  albugjnea. 
Finally,  the  testicle  and  spermatic  cortl  are  enveloped  in  ti^e  t,  vaginolit 
rommurmf  a  strong  bag,  composed  of  a  serous  and  tihrous  portion,  which 
contains,  around  its  junction  with  the  vaginalis  propria  and  epididymis^  a 
number  of  contract  Lie  fibre- cells  ^KofUiktr).  Upon  this  coat  the  striped 
fibres  of  the  eremasier  muscles  are  situaltd  externally,  Thi«  vaginalis 
communis  is  connected  without  with  the  muscular  tunic  of  the  scrotnmi 
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the  ffartm  (p.  283),  by  formless  cimnective-tisaue.     Finally,  the  mhdtäi 
covered  bj  a  tbin  layer  of  true  skin  quite  destitute  of  fat* 

If  wc  seek  Ui  remove  the  albuginea,  we  observe  that  niim^ronÄ  bot  un* 
perfect  fibrous  septa  are  given  ofF  by  tVie  latter,  »nd  peuetmte  iolo  tb«; 
interior  of  tha  gland. 

Th6S6  partitious»  wbicb  divide  tbe  parencbjma  into  lobules  (fig>  511,  &} 


FJff,  64i.— The  hBtnin  twrtlcle.  After  Amotd.    *,  iMtidc  Hff.      M5.  --S«fltelfefü» 

R,  VflAmiii  efferentLa; /,  coni  vMCutixnl;  (p,  cpl<l]i!t.rmLB:  tide.    a.  lueiuljrK&v ;  k 

h,  TMA  tler«i'rn& ;  ^  Vila  abertin«  of  Ifttlftr  *  m,  lirfttiche»  of  vxlim. 

tbe  Inti'TTiAl  j«piemnBti<e  »rtery^  yaitU  ih«lr  Kirkngemeiit  in 
the  fflind  h;  £^  «Hcry  nf  the  r*«  dervreiu,  AflaMomiM- 
ing  «t  J»  wlUi  tha  lut  fiatned  vaacL 

of  conical  form,  wboae  apices  »re  directed  in  ward«  and  upwards^  con- 
verge in  tbe  superior  part  of  tbe  ofgatii  to  be  inserted  into  a  den««  w«dge- 
^baped  mass  known  as  the  mrpm  Highmof%  wbosa  ba^  is  attticbtid  to  tb 
albtiginea. 

Each  of  these  L>bules  h  made  up  of  several  extremely  long  semiui* 
ferous  tu b u  1  ea ,  about  0*1128-0  1421  win.  in  diam e ter,  fd d e< I  oii  tb*.* ta * 
selves  several  timee.  Tbes^  may  l>e  seen  to  divide  frequently,  and  ana 
tomose,  and  to  terminate,  not  blindf  but  in  tbe  form  of  slinge  and  loop 
At  tbe  apices  of  tbe  lobulea  tbe  seminiferous  tubules,  becoming  rApidlj 
narroweJ»  open  into  a  straight  passage,  which  goes  by  the  name  uf  U»»^ 
inhulus  r^dus  (cK  and  which  penetmtes  the  corpns  iiitjhmori  (Uned  with 
h>w  columnar  cells),  and  forma  what  is  called  the  rtia  tt'dia  (ri)»  by  iiiltr- 
commnnication  with  the  vessels  of  the  same  kind.  Fr<au  this  neiwurk 
the  larger  tulM»s^  or  vascnfa  efferent i a  (e),  take  their  rise.  Their  number 
19  from  9  to  17,  and  their  course  at  first  straight  until  they  piercu  the 
albuginea^  after  wbicb  they  become  again  very  tortuous,  and  are  arranged 
in  a  series  of  eoniual  lobes,  known  as  Ih^  cmti  t'Qitcvlmi  (/),  which  futia 
the  captit  epididt^ffm. 
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Flff.  44«L— iVtsm  thfl  teitJi  of  «  «If.      I,  TrAiuvtrM 
■cation  of  A  Mmlnlift^rDtiÄ  tiibal&    «i,  i^.  wiill«  of  th« 

ffumeworkj  /,  l/mpnutie  ^iitijibk     1  Side  view   of 
tliu  wittl  Df  «  viitJiiilrei'oiiJ  tube;  o  HnUi  b,  waJL 


They  then  gradually  combine  to  Jbriii  one  single  wide  caoal  (fj,  17) 
0-3767-0  45  mm.  in  diameter;  which  turns  and  twists  upon  itself  a  till 
further  iu  forming  an  eloiiguted   body  known  aa  tlie  corptu  and  muda 

By  degrees  this  tube,  of  which  the  epididymis  is  composed^  becomea  lees 
tortuous  and  of  greater  calibre,  its  diameter  amounting  oix  an  average  to 
2  mm.  It  ia  now  known  as  the  vas  döferens  (A).  Frnjuently  heforts 
this  it  receiver  the  addition  of  a  short  c<Kcal  bmncli,  the  tvi^t  aberratis  of 
Nailer  (i). 

Turning  ni>w  to  the  structure  of  the  seminal  glaml,  we  Hnd  in  the  ftrst 
place  that  it  preaent^  a  sueteutacnlar  substance.  This  is  found  in  thö 
form  of  iibrea  of  connective- 
tissue  (tig.  546,  1,  d}i  radiat- 
ing from  both  septa  and  capsule 
throughout  the  whole  orgaiL  In 
this  contiective-tisÄUe  numerous 
cells  and  nuclei  are  encountere*! 
in  young  animab  :  ittt  bands  vary 
in  thick  noss ;  in  the  calf  from 
0-05G4  to  0^0113  mm. 

These  bundles  of  connective- 
tissue  {Mihalmwioi)  are  enve- 
lopeii  in  those  flat  membraneous 
cells  of  which  we  have  alroady 
spoken  (5§  1^0,  223),  and  X^>  whirdi  we  shall  again  have  occasion  to  refer 
in  considering  the  arachnoid.  These  cells  cover  like  a  membrane  bolb 
seminal  tubules  and  blood- vessels,  leaving,  however,  chinks  between  them, 
wdijub  serve  a  purpose  in  the  lymphatic  circulation. 

In  the  human  and  mammalian  testicle  besides  a  number  of  peculiar  cell n^ 
lar  elements,  u  ndergoing  pig- 
mentary and  fatty  me  tarn  or-  jf^m^^^        m^^jll ^ 

phosis,  the  *^  interstitial 
cells^"  are  met  with,  at 
timed  in  great  abundance. 
They  are  nsually  arranged 
in  bands,  their  diameter  he« 
ing  in  the  cat  0*0U-0  020 
mm.  They  may  envelope 
the  vessels  like  a  sheath. 

The  interstictis  of  this  sus- 
tentacular  substance  are 
occupied  hy  tbe.«£?mi7?//trö/w 
tub^des  (fij^s.  545,  54G,  1  a; 
547,  a,  li)  whose  diameter 
is  on  an  average  fami 
0*1 1 28  to  U  1 4 2 1  muh  By  the  aid  of  the  microscope  we  learn  that  the  mem- 
brana  propria  is  reprt^^ented  by  a  coat  (fsharply  deliupd  from  the  intei^tlttal 
connective- tissue)  of  tough  texture,  and  fibrous  iir  banded  structure,  contain» 
ing  elongated  nuclei  (fig,  545,  a;  546,  \a,h/2  n,  h).  Its  thickness  range« 
from  0"Ü046  10  0'048  mm.     In  man  this  wall  is  particularly  well  marked. 

It  consists,  acconling  to  Mihalwwicz,  of  several  layers  of  flattened  cell« 
united  wiih  one  another  in  the  form  of  a  merabrana  The  most  inieroai 
layer  is  quite  impervious  ;  but  the  external  is  open  and  netdjke. 


Ffj^.  MT.— From  llw  taieli  ef  the  C«t!.     a.   rnn^nUfinMit 
4^  lympliAtlcs. 
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Tlie  interior  of  thea©  tubes  is  tilled  witli  cdls,  of  which  the  moat  peri- 
pheral may  cover  the  membrana  propria  Id  a  manner  eimilar  to  epithe- 
imn!.  They  are  aaually  roundish  or  polygonal,  and  from  001 13-0  0142 
mm.  m  transA^erse  section.  They  are  composed  in  young  subjects  of  a 
ftaaly  granular^  rather  pale  suWlance  {containing  yellow  pigment  in  man), 
which  becomea  charged  in  the  course  of  years  with  an  ever-increasing 
number  of  fatty  j^franyile«.  These  cells  of  the  testes  have  been  observed 
even  in  erabryoa  to  he  endowed  with  contractility,  and  to  possess  the  power 
of  amoehoid  change  of  furm  {Im  Vttleth  ^i  Georfj^). 

Uecently,  however,  a  more  complex  slructui'e  has  been  ascribed  to  the 
Bominal  tubes. 

In  man  and  the  ox,  for  instance,  a  framework  of  flat  stellate  cells  with 
membraneous  procussea  is  state*l  to  exist  in  their  interior  (Sertoli ,  MerM^ 
BoU).  W©  rc-^giirded  these,  the  '^eua tentacular  cells"  of  MerhtL  as  tli« 
game  network  to  which  we  have  already  had  such  frequent  occasion  to 
allude  in  dealing  with  the  racemu&e  glands.  Mlknlkomicz^  on  the 
other  haiui,  in  his  excellent  work,  declares  this  appearance  of  su^ tentacular 
ceUö  to  be  an  artiticial  prtKluctiou  caused  by  the  coagulation  of  an  albumi- 
nous material  between  the  seminal  cells. 

Such  is  the  structure  of  the  eeniiniferous  tubes  as  fur  as  the  rote  testis, 
in  which  for  the  time  being  their  external  ßbrous  tunic  is  ftised  into  tha-J 
connective- tissue  of  the  corpus  IlighmorL  The  tubes,  which  leave  thaf 
latter  as  thoy  incretise  in  size,  obtain  an  additional  layer  of  smooth  Tnll3cullU^| 
fibres,  which  is  further  strengthened  lower  down  in  the  body  of  the  epidi^l 
«lymis  by  two  coats  of  longitudinal  fibres,  an  extenml  and  an  inter 
This  arrangement  we  shall  again  meet  with  in  the  vaa  deferens. 

We  have  already  (p.  150)  alluded  to  the  peculiar  cifiated  rpHhdlum  of 
the  epididymis, 

Th&  bltmd'Ve^tif^h  of  the  testes  arc  branches  of  the  internal  spermatic 
artery.  They  penetrate  into  the  interior  o£  the  organ-form  without,  and 
from  the  corpus  Highjuori,  and  Lake  their  ftiHher  course  along  the  septa 
dividing  as  they  go.  Finally,  they  break  up  into  a  long-meshed,  rather 
loose  capHIary  network  of  somewhat  contorted  vessels,  from  0*0128  t-o 
0  0056  mm.  in  diameter  {fig.  546,  I,  c;  547,  c}^  which  invests  the  semini- 
ferons  tnbe3*  The  vascularity  of  the  epididymis;,  which  is  supplied  by 
the  fifiena  wmis  deferenth  Cooperif  is  no  less  considerable.  Tho  voins 
present  the  sama  armngement  as  the  arteries. 

^  The  lymphatics  of  the  parenchyma  of  the  organ,  lined  by  the  specialJ 
cells  of  such  vessels  {Tommam)^  occupy  the  soft  interstitial  connective 
tij?sue  of  the  former,  arranged  in  a  close  network  of  canals  (fig.  546  1,  c; 
547^  d).  In  transverse  sections  of  the  seminiferous  tubeSf  it  may  be  seen* 
that  these  lymphatic  canals  form  regular  rings  around  the  latter,  of  pas- 
sages  from  0*0128  to  0^0292  mm.  in  diameter,  and  strongly  dilated  at  thu 
points  of  junction  with  each  other.  Steady  injection  at  last  drives  thti 
fluid  employed  tisrougb  the  external  cellular  layei-s  of  the  walls  of  the 
seminiferous  tubes.  The  most  internal  layer  alone  is  entirely  imi>t*rvioua 
{Mihatkmmcz).  The  blood-vessels,  also,  are  here  and  there  ensbeathed 
in  lymph  streams. 

From  the  rings  just  mentioned  other  lymphatic  canals  are  given  off  ta. 
the  numerous  connective-tissue  eepta  of  the  lobules.    Under  the  alhuginea, ' 
abo,  they  are  arranged  in  a  very  complex  network  of  wide  canals,  and 
then  penctiute  the  former  in  the  form  of  wide-valveil  intercommunicating 
passages,  most  highly  developed  on  the  dorsum  of  the  organ.     Finally, 
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ihöy  uiiite  with  the  lyiDphntics  of  the  epididymis  and  tunica  vaginalii 
to  form  several  main  trunk«,  which  then  take  their  course  along  the  spei^ 
matic  eorcL 

The  nerves  of  the  testis  sprbg  from  Ihe  internal  spermatic  plexus  ;  m 
lo  their  ultimate  mode  of  tarmination,  huwerer,  nothing  is  at  presout 
known. 

In  connefjtton  with  the  epididymis  we  have  to  consider  several  »true- 
tu  res,  and  in  the  tirst  place  the  ao-called  ht/daitds  of  Motgarpii,  These 
present  themselves  under  two  forms,  seen  in  some  ctises  toj^eihen  The 
tirat  kind  ia  a  petiokte  vesicle  seated  uj>on  the  anterior  surface  of  the 
head  of  the  epididymis*  Its  style  \^  usually  solid  and  fibrous,  while  the 
vesicle  contains  a  clear  fluid,  cells,  and  nuclei.  Bat  the  eceonJ  form  is 
far  more  frequently  met  with.  In  it  we  have  a  knohhed  flattened  atrue* 
ture  with  hardly  any  stalk,  and  either  simple  or  divided  into  Jobes.  It» 
position  varies,  and  it  sometime»  communicatee  with  the  passage  of  t!ie 
epididymis. 

Finally,  at  the  posterior  edge  of  the  tejticle^  between  the  head  of  the 
epididymis  and  the  vas  deferens ^  a  small  fattened  stracture  presents  itself» 
composed  of  several  loosely  conneeled  whitish  nodules.  Each  of  the  latter 
constats  of  the  convolutions  of  a  tube  terminating  at  each  end  in  a  blind 
dilatation.  The  interior  of  tbes«  is  tilled  with  a  clear  fluid,  and  lined 
with  jiavemont  epithelium  whose  cells  are  in  process  of  decay.  This 
body  is  known  as  the  corps  innomiui  of  Giraldhj  or  organ  of  Girtddh 
(KodUker)^  or  ptirepididijnus  {Hrnhy  In  the  infant,  and  up  to  the  age 
of  t«n  years,  this  structure  is  encountered  in  complete  development;  later 
on,  it  degenerates. 

Referring  to  the  history  of  development,  we  find  some  light  is  thrown 
upon  the  nature  of  these  accessory  Btructures, 

The  testis,  like  the  ovary  (§  278),  i»  developed  at  tlie  inner  side  of  the 
Wolffian  bodies.  Here,  however,  the  germinal  epithelium  never  attains 
that  degree  of  perfection  we  have  observed  iu  the  fumale  embryo.  The 
genesis  of  the  seminiferous  tubules  is  not  yet  fully  ascertained.  Accord- 
ing to  Waldeyer^  they  are  formed,  not  from  the  germinal  epitbelinm 
at  all,  but  from  the  glandular  passages  themselves  of  the  primordial 
kidney* 

From  the  eftnak  of  the  Wolffian  body,  then,  which  are  insignificant  in 
the  female  generative  «system  fa  mere  trace  remaining  in  the  mature  body 
as  the  parovarium),  the  epididymis  is  formed,  wdiile  the  duct  of  the  organ 
is  gradually  converted  into  the  vas  deferens.  The  other  remnants  of  the 
WoJffiufi  bodies,  then,  give  rise  to  the  organ  of  Giraldl'$^  and  the  structure 
known  as  the  i^oii  aljcrrann. 

But  beside  tlie  duct  of  the  Wolffian  body,  w*e  find  at  a  Teiy  early  age 
tiie  nidiments  of  a  second  canal,  that  of  MuHvr^  already  alluded  to  in 
speakiug  of  the  female  generative  system.  This  has,  however,  a  different 
destiny  in  each  sex.  While  in  the  female  it  hecoTOea  converted  into  the 
FidhqAiin  tube  and  uterus — therefuro  into  very  importajit  parts^ — in  the 
male  generative  system  it  degenerates  almost  completely.  The  last 
trace  of  its  upper  portion  alone  is  to  be  seen  as  the  hydatid  of  Morgagni^ 
just  referred  to  ;  while  its  most  inferior  portions  form  by  their  junction 
the  so-called  nieruM  mfisctdimts,  or  Vf^^tetda  proitatiea  of  anatomists. 

The  composition  of  the  tissue  of  the  testicle,  whose  ep.  gr,  is  1  045 
(Ktuu^  and  Fkcher),  still  awaits  investigation»  Glycogen  was  found  by 
Eühne  in  the  organ  in  the  dog* 
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In  the  foregoing  section  a  niieruscopioal  analyaia  of  the  conLent«  of  Uie 
seminiferous  tubes  in  th^  state  of  rest,  not  of  activity,  has  been  prea^ted 
to  us.  During  the  whole  periml  of  vLrility  in  man,  however^  and  in  the 
rutting  season  of  animalS)  theäe  glandular  tubes  generate  another  kind  of 
contents,  naraelj,  ne^nen  or  gpetma). 

Human  seinen^  as  secreted  by  the  testb^  is  a  whitish  slimy  fluid  de#li-. 
tute  of  any  odour,  and  of  high  sp.  gr.     Its  reaction  is  either  neulnll 
or  alkaline.     Semen,  however,  as  discharged  in  coitUf  has  received  addi-j 
tions  from  the  accessory  glan<!s  of  the  generative  organs,  and  so  undergone ' 
considerable  modification*     It  reacts  strongly  alkaline,  and  has  a  jieculiar 
odour,  which  has  been  aptly  compared  to  that  of  freshly  g^iwii  bone. 
Besides  this,  it  ia  more  fluid  and  transparent.     Shortly  after  being  ejected 
it  coagulates,  forming  a  thick  gelatinous  ma? a,  which  becomes  again  liquid 
aflar  some  time. 

A  glance  at  fresh  human  semen  under  the  microscope  shows  innumer- 
able threaddike  form  elements  engaged  in  the  most  lively  niotiom  To 
these  several  names  have  been  given, — ^auch  as  sejninal  flhrnentSf  eeminai 
ummuicide^^  aud  spennato^oa  (fig,  548)*  Suspended  in  a  homogeneous 
fluid  they  are  seen  to  consist  of  tvv^o  portions,  namely,  an  anterior  wider 
end  known  as  the  head ;  and  a  long  filiform  procesiä  posteriorly,  to  which 
the  term  Unl  has  been  applied* 

The  form  of  the  head  (a)  is  oval,  or,  more  correctly  speaking,  pear* 
shaped ;  the  broadest  end  being  posterior,  at  the  insertion  of  the  tail.    Ita 
length  is,  on  an  average,  0*0045  mm.«  aud  ita  hnsodth 
about  half  aa  much.     IrVlicn  the  head  is  seen  in 
prolilo  (h)j  Ave  remark  that,  like  the  corpuscles  of 
the  blood,  it  ia  greatly  flattened.     Seen  from  the 
surface  it  appears  broail,  with  sharp  but  not  dark 
outline,  but  viewed  from  the  aide  it  ia  narrow,  und  pre- 
sents a  broad  dark  border»  Its  thickness  lies  probably 
somewhere  about  0^0018^0013  mm.  (Koelliker), 
The  hindermost  division  of  the  structure,   the  fili- 
form process  (a,  b}  commences  with  a  eonstriL'tt^d 
neck,    succeeded   by   a    somewhiit   thickened   por» 
tioQ,  gradually  becoming  thuiner  and  liner,  until  at'« 
last  it  attains  such  a  pitch  of  tenuity  as  to  baffle 
It  may  be  followed  to  a  length  of  about  0'0451  mm. 
For  a  long  time  it  was  supposed  that  the  spermatozoa  only  consisted  ot| 
these   two    parts,   and  that  tliey   were   quite  homogeneous  throughout^,} 
without  any  distinction  between  envelope  and  contents.     More  recenil 
observationSj  with  the  aid  of  the  stronger  systems  of  lenses  of  the  present^ 
day,  would  seem  to  place  this  view  in  question.     The  reports,  however, 
of  Valentin,  Grohe  and  Sdiweujger- Seidel  on  the  feubjeet  do   not   yet 
entirely  agree. 

From  the  able  researches  of  the  last-named  observer  it  would  appejtr 
that  the  tail  of  the  spermatozoon  {fig.  540)  may  he  dividtni  into  two  por- 
tions, often  sharply  defined  one  from  the  other,  and  difi'erent  in  diameter 
and  in  chemical  and  optical  characters :  these  are,  first,  the  middle 
portion  (6),  ixs  it  is  called  \  and,  siecondly,  the  delicate  terminal  filament 
(ß)*  In  those  instances  ia  which  the  head  of  the  human  sperm atoscoon 
possesses  the  length  mentioned  above,  of  0  0045  mm.,  the  middle  porticm 
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is  0*0061,  and  the  terminal  filament  00406.  Both  the  head  and  middle 
portion  appear  rigid,  leaving  the  end  fibre  alone  movable.  That  a  differ- 
ence exists  between  envelope  and  contents  in  the  sper- 
matozoa, as  maintained  by  Grohe  and  Schweigger-Scidel, 
we  do  not  think  has  been  yet  clearly  proved. 

Throughout  the  whole  animal  kingdom  semen  is  pos- 
sessed of  certain  definite  form -elements.  But  though 
the  prevailing  shape  of  these  spermatozoa  is  filiform  in  all 
animals,  nevertheless  they  present  extremely  interesting 
and  considerable  varieties  of  appearance,  reminding  us  of 
the  similar  though  much  less  markedly  characteristic 
peculiarities  of  the  red  blood-cells  (§  68).  The  narrow 
limits  of  our  work,  unfortunately,  do  not  permit  us  to 
enter  deeper  into  this  very  interesting  subject;  but  we 
cannot  relinquish  it  witiiout  pointing  to  the  probable  safe- 
guard against  hybrid  impregnation  which  exists  in  these  *^!5;aS«örofüie 
strongly-marked  peculiarities, — a  kind  of  aid  to  the  per-  sheep,  after 
sistence  of  distinct  species.  Besides  this,  in  many  animals  SS'^'SI^Uädl 
this  motion  has  been  missed,  while  in  others  a  lazy  ama)-  ^  middle  por- 
boid  change  of  form  only  could  be  observed.  ^"'  ** 

from  a  chemical  point  of  view  the  spermatozoa  of  the  mammalia  con- 
sist of  a  resistent  metamorphosed  albuminous  substance,  rich  in  lime, 
which  approaches  in  quality  to  elostin.  They  withstand  for  a  very  long 
time  the  process  of  putrefaction,  and  even  oppose  a  determined  resistance 
to  the  action  of  the  mineral  acids,  dissolving,  on  the  other  hand,  but  still 
very  slowly,  in  caustic  alkalies  {Kodliker),  Owing  to  the  large  propor- 
tion of  mineral  ingredients  in  the  spermatozoa,  they  preserve  their  form, 
although  subjected  to  a  red  heat. 

The  comjxmtiati  of  pure  semen, — that  is,  the  secretion  of  the  testicle, — 
was  studied  many  years  ago  by  Freridis,  especially  that  of  the  carp,  but 
also  of  the  cock  and  rabbit.  In  his  observations  he  found  the  fluid 
neutral,  resembling  a  dilute  solution  of  mucus,  and  containing  a  certain 
amount  of  albumen.  Chlorides  of  the  alkalies,  and  small  quantities  of 
phosphates  and  sulphates  of  the  same,  were  present  in  its  residual  ash,  as 
also  phosphate  of  magnesium. 

The  dry  substance  of  the  spermatozoa  contained  4*05  per  cent,  of  a 
yellow  matter  like  butter,  probably  containing  phosphorus,  and,  we  may 
now  add  (?),  probably  also  cerebrin  and  lecithin.  Besides  this,  5-21  per 
cent,  of  ash  constituents,  among  which  lime  and  phosphoric  acid  pre- 
sented themselves. 

Pure  semen  from  the  horse  has  18'06  of  solid  ingredients;  that  of  the 
boll  17 '94,  of  which  the  metamorphosed  protein  substance  of  the  sper- 
matic filaments  amounts  to  13*138  per  cent,  lecithin  (?)  to  2*165,  and 
mineral  matters  to  2*637  per  cent.  {KoelUker), 

Semen,  as  discharged  from  the  urethra,  is  richer  in  water,  from  the  addi- 
tion of  the  secretions  of  the  accessory  glands  :  that  of  man  was  found  by 
Vauqudin  to  contain,  on  the  whole,  only  10  per  cent,  of  solid  matters. 

The  substance  which  causes  semen  to  coagulate  after  emission,  named 
long  ago  by  Vauquelin  **  spermatin,"  appears  to  be  an  albuminate  of 
sodium  {Lehmami), 

The  development  of  tlie  spermatozoa  was  formerly  supposed  to  take  place 
from  peculiar  cells  in  the  seminiferous  tubules.  But  the  process  was  first 
accurately  described  by  KoelUker,    At  the  time  when  semen  first  begins 
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to  Ije  formed  (pub«rty  in  man,  ruttiag  season  m  animals),  most  of  the 
glandular  epithelium  cells  of  th©  aemiiial  tubulea  uudef^  rUvision,  by 
whicb.  act  a  multiltida  of  delicate,  pale^  and  tranipareni  elecnenta  of 
apberic&L  form  are  produced,  with  vesicularnuclei  of  0 '005 6— 0  0079  mm. 
in  diameter«  someÜmes  single,  soraetimes  ranging  fivim  10  to  20.  These 
celb  vaiy  in  diameter  between  0*0113  and  0  0074, 

From  them  the  seminal  fiiäiuent^  ans  suppoied  to  lie  developed,  and, 
moreoTer,  from  the  nuclei.  At  first  it  was  thought  that»  in  tbe  interior 
of  each  of  these  vesicular  nuclei,  a  seminal  eh; men  t  took  its  n^e ;  bal 
KoiUiker  asserted  later  that  the  whole  nucleus  becomes  converted  into  a 
spermatozoon.  Tliis  he  stated  to  take  place  by  it£  beeomiug  elongated 
and  flattened,  and  dividing  into  an  interior  dark  and  pos tenor  lighf 
portion,  and  sending  out  at  one  end  a  fllament  destined  to  increase  m< 
and  more  in  length,  whUe  the  nucleus  itself  assnmed  gmdually  the 
acteristic  form  of  the  head. 

The  spermatozoa  so  formed  were  supposed  to  lie  eventaally  within  the 
ceU^  in  number  corresponding  to  the  original  number  of  nuclei 
aiTangement  there  was  stated  to  be  regular  when  more  than  a  few  wei 
pfBsent^  namely,  with  their  heads  close  to  one  another  and  the  taila  lik« 
wiae  par^lel,  bent  according  to  the  amatint  of  space  left  to  eonUiin 
A  small  number  of  these  formative  ceUa  were  supposed  to  rupture 
leaving  the  testis,  setting  free  the  s|)ermatozoa ;  but  by  far  the 
proportion  of  the  latter  to  be  liberated  in  the  epidid^Tnisw 

But  these  tlieorien,  the  correctness  of  wbieh  was  for  some  time  believed 
to  be  beyond  doubt,  Imve  been  since  found  to  be  untenable,  and  the 
genesis  of  the  spermatozoa  is  at  the  present  day  a  point  of  great  obscurity. 
Henle  Wiia  the  first  to  point  out,  some  years  ago,  another  oriler  of  things 
from  that  just  mentioned.  He  Ibund,  namely,  two  kinrltf  of  cells  in  the 
seminiferous  tubuli, — one  with  coarsely  and  another  with  finely  granular, 
«harply-delined,  nuclei.  He  supposed  the  heaiJ  ti>  take  its  origin  from  the 
latter,  which  project  beyond  the  surface  of  the  cells ;  further,  that  the 
filamentouB  process  does  not  spring  from  the  interior  of  the  cell.  In  the 
last  view  he  is  supported  by  Sc^twrtf^^erSeidd.  This  ob«erver  regards  the 
spermatozoon  as  a  single  ciliated  element  formed 
by  the  metamorphosis  of  a  whole  cell.  The  nuc- 
leus, he  believes,  is  transformed  into  the  head,  and 
the  middle  portion  to  be  derived  from  the  remainder  of 
the  cell-body,  while  the  terminal  lil anient  represents 
a  c ilium.  According  to  Henk,  cells  with  rolled*up 
filaments  never  occur  as  normal  structures  in  thi* 
seminiferous  tubes,  which  is  also  denied  by  both 
Sckweigger-Seidd  and  La  ValdtSt  Gmrge^  with 
whom  we  also  entirely  agree» 

From  our  own,  but,  we  must  confess  it»  rather  ha<ity, 
observations  (Bg,  550),  the  process  of  the  formation 
of  spermatozoa  appears  to  be  aa  follows : — The  nuckui 
of  the  primary  seminal  cell  (a)  advances  to  the  peri- 
phery (6).  Then  the  formation  of  the  caudal  appen- 
dage commences  {c).  The  nucleus  then  passes  beyond 
the  original  boundary  of  the  formative  cell,  clothed 
in  a  thin  layer  of  protoplasm  {d).  Later  still,  the  nucleus,  with  this  cover- 
ing of  protoplasm,  forms  the  head  of  the  seminal  element,  while  the 
appendage  of  the  cellbody  grows  out  into  a  long  thread  (e).    Finally  (/)^ 
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we  Imve  the  bead  or  nucleus  (1),  the  middle  portion  or  remaüader  of  the 
cell-liody  (2)#  mid  the  üloniGnt,  the  elongatod  cilium  (3). 

5  285. 

llie  most  striking  «ml  important  peculiflnly  of  the  seminal  elements, 
and  one  recognised  m  such  eVür  since  their  discovery»  conakls  in  tlieir 
movements.  Tht^se^  which  were  in  olden  times  accepted  as  a  proof  of 
their  independent  individual  lifo  (whence  the  name  *'  spemmtoKoii") 
appear  to  be  veiy  nearly  allied  to  the  plienornena  of  ciliary  mution  (§  99), 
and,  like  the  latter,  bailie  at  present  aU  explaiiatiom 

If  semen  he  taken  from  the  seminal  tubes  of  some  fre^ihly  slaughtered 
mammal,  it  will  be  found,  as  a  rule,  that  the  movementa  in  question  have  not 
yet  commentied.  But  if  a  drop  of  the  fluid,  immediately  after  emission  from 
the  urethra,  be  placed  upon  a  glass  slide  under  the  microacojie,  innumerable 

ermatoioa  are  oUserved  njüviii|^  in  all  directions  in  the  utmost  confusion« 

Closer  inspectiüii  shows  us  that  the  individual  elemeuls  of  the  semen 
execute  a  series  of  movement^,  consisting  in  aitemat©  flexion  and  exten- 
sion, and  undulating  motions  hke  those  of  the  lash  of  a  whip,  by  meana 
of  which  the  whole ^atmetura  is  propelled  from  place  Ui  place.  Though 
tempt<>d  for  u  moment  to  compare  this  with  the  indef>endtjnt  hurrying  to 
and  fro  of  a  host  of  infusoria,  we  very  soon  observe  the  most  marked 
points  of  distinction.  \Ve  miss,  in  the  iirs^t  place,  the  spontaneity  of  tho 
latter  organisms, — that  swimming  in  de ti tüte  directions  and  avoidance  of 
aljstadea  which  characterise  their  movements ;  also  that  momentary 
aceeleration  and  slackening  in  pace.  The  rale  of  progression  moreover  oi" 
the  spermatoioa  is  by  no  means  very  great,  several  minutes  being  consumed 
in  udvanciitg  even  the  distance  of  an  inch.  Like  the  motions  of  the  cilia, 
those  of  the  fieniinal  filaments  commence,  after  a  time»  to  decrease  in  rapidity 
and  the  structure  dies.  We  remark  the  intenisity  of  the  whip-like  undu- 
hitions  of  the  übr«  growing  less  and  les:s»  until  tit  last  the  movements  of 
the  latter  cease  to  propel  the  spermatozoon  any  farther,  and  all  evidences 
of  life  become  extinct. 

Let  ns  now  consider  the  conditions  of  these  movements,  Tlieir  dura- 
tion, in  the  interior  of  tlje  male  ijtgana  of  generation  or  in  emitted  semen, 
varies  in  these  ditferent  classes  of  animals.  I  ii  birds  they  cease  most  rapidly, 
often  within  a  quarter  of  an  honr.  Among  tlie  mammalia  tijey  persist 
for  a  much  longer  period,  at  times  almost  for  a  whole  day.  Thus  in 
human  semen,  adU-^r  |>oUutioni  the  apermato^oa  nmy  he  observed  still  to 
retain  the  power  of  motion  sixteen  or  twenty  hours  after  emission. 
Among  the  Amphibia  they  la^t  much  longer^  and  in  tish  longer  than  in 
any  other  animals.  Here  they  may  be  seen  uuijer  favourable  conditions 
four  days  after  the  discharge  of  the  semen  (Watjuer).  W©  are  thus 
j^eminded  apiin  of  ciliary  motion.  If  the  temperature  be  n?Juced  tu 
below  freezing-point,  the  movements  of  the  spermatozoa  cease ;  but  even 
after  remaining  four  days  in  a  congealed  state  they  may  regain  their  power 
of  locomotion  on  being  w^armed.  Cooled  down  to  -  17  C,  they  die;  as 
also  on  being  h<?ated  np  to  -^  50  C.  (Manitgaxm). 

As  to  the  eflects  of  the  addition  of  other  fluids  to  the  semen,  wt  End 
that  inditferent  matters  of  a  certain  average  concentration, — as,  for  instance, 
#olutions  of  sugar»  urea,  glycerine,  and  Deutral  salts  of  the  alkalies  and 
births, — ^may  he  addecl  without  arresting  the  motion  of  the  spermuto^.im, 
while  very  dilute  solutions  cause  their  destruction.  Very  ©«mcent rated 
liuids  also  prevent  by  their  viscidity  any  play  or  motion  in  the  filaments. 
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Th^  same  mechanical  obstacles  to  the  iDotioaä  of  the  sj^rmato^oa  are  piv- 
fiented  by  matters  which  become  simply  gektimms  in  water ;  such  m 
vegetable  mui-üiis.  Those  re-ageiits,  aho,  which  act  chemically  on  either 
the  Beminal  filaments  or  fluidj— jis,  for  instance,  minerid  aeids^  metaEic 
salts,  acetic  acid»  tannic  acids»  ether,  alcohol,  and  chloroform,^ — all  bring 
the  lively  movements  of  the  former  to  an  eod.  They  may  be  best  exa- 
mined ill  pyrum,  whitci  of  egg,  and  vitrcfuis  humour  j  as  also  in  the  contenta 
of  the  vesiculm  §eminales,  prt^etate,  and  Ccfwper^s  gkods,  as  the  oatural 
ingredients  of  the  semen.  In  the  secretion 8  of  the  internal  female  org^s 
of  generation  their  motions  are  for  a  long  time  preserved.  Hi^re  they 
may  be  observed,  in  the  mammalia,  wandering  hither  and  thither  for 
days,  under  the  favouring  influence  of  the  animal  heat  of  the  partai 
The  acid  mucous  of  the  vagina,  as  well  as  the  tran:? parent  and  viscid 
secretion  of  the  cervix,  are  eaid  to  put  an  end  to  the  movt^mentÄ  of  the 
spermatozoa.  Urine,  when  n^^tral  or  slightly  alkaline^  has  no  very  great 
eliect  upon  the  latter ;  but  when  strongly  acid  or  alkaline^  iu  action  is 
very  well  marked.  In  alkaline  milk  or  nmcus  the  phenomenon  «jf 
motion  iä  quite  evident,  while  saliva  has  the  same  effect  on  it  »is  wat^r* 
This  ia  peculiar,  bringing  all  movement  rapidly  to  an  end  ;  but  it  is  ; 
ceded  by  increased  aetivity  for  a  simrt  time,  during  which  tho  b^h 
tOÄoa  hurry  about  with  great  rapidity,  etriking  and  lashing  witli  Ümt 
tailn  8oon,  however,  they  come  to  a  state  of  complete  rent,  whcji  tliu 
under  end  of  the  filament  is  usually  observed  to  \>&  folded  round  th 
upper  portion,  like  the  lash  round  the  stock  of  a  whip.  It  is  an  inter 
ing  fact  that  such  motionless  siierniatozoa  mnj  he  again  callr*d  iiilo 
activity  by  surrounding  tliem  with  saturated  solutions,  such  as  tho^  of 
sugar,  white  of  egg,  and  common  salt,  and  also,  when  in  too  strong  solti- 
tions,  by  subsequent  addition  of  water, — an  indication  of  the  important 
part  which  endosmoiis  plays  in  the  phenomenon. 

We  have  already  seen  in  an  earlier  section  that  the  caustic  alkalies  have 
a  moi*t  stimulating  action  on  the  ciliary  motions:  the  same  has  hii*a 
observed  by  Koelltkcr  to  bo  the  case  with  the  elements  of  semenp 

Eeeent  research  has  shown  that  the  spermatozoa  penetrate  into  the 
interior  of  the  ovum  in  order  to  iniprognate  it,  moreover, — in  the  mammalia 
in  considerable  numljer.  This  entrance  appears  here^  as  among  all  the 
vertebrate?,  to  be  effected  by  the  eßbrts  of  the  spermatozoa,  and  carried 
out  by  the  movements  of  their  thinner  portion.  A  special  opeuJDg 
(mteropj/h),  to  admit  them,  has  not  yet  l^een  demonstrated  in  the  awnt 
peUucidar  but  those  radiating  lines  seen  on  the  envelope  of  the  orum  nii 
possibly  represent,  as  pore  canals  (§  52),  each  passages  for  the  epermat 
which  may  be  enlarged  by  the  latter.  Those,  on  penetrating  into 
yelk,  become  motionless,  and  soon  after  break  down  and  become  fluid. 

§286. 

Turning  now  to  the  thick-walled  vasa  äKfereutia^  it  will  be  n:menil>cred 
that  they  take  their  origin  gradually  from  the  passages  of  the  epiflidynii», 
and  are  therefore  possessed  of  a  «imilar  structure  to  the  latter.  They 
arc  made  up  of  an  external  fibrous  investment,  then  a  muscukr  coat  of 
considerable  thickness,  composed  of  three  laniinfe  (already  mentioned  in 
speaking  of  the  epididymis),  an  external  strong  and  internal  weak  layer 
of  longitudinal  fibres,  together  with  a  middle  tunic  of  circular  bundle 
which  is  the  strongest  of  the  three.  Th&  mucous  membrane  vviih  whic 
they  are  lined  is  covered  by  columnar  cellsj  0-0501  mm.  in  Height     Near 
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the  lower  end  of  the  väs  deferens  is  ft  fusifof m  dilatation^  the  "  ampulla  *' 
of  Hmk,  from  which  a  number  of  blind  divetticula,  leaving  the  main 
tube,  pass  at  very  acute  angles  upwatds  into  its  walls. 

In  this  expanded  portion  of  the  canal  the  mucous  membrane  differs 
from  elsewhere  ;  it  is  thicker  and  rugose,  and  presents  a  numh^r  of  pit« 
&nd  eaccuka.  In  the  walls  of  the  ampuUa  further  vermiforui  glands  pre- 
sent themselves,  filled  with  polyhedral  cells,  and  contamiog  njolecules  of 
a  yeUow  and  brown  pigment  (Ilenh).  The  nerves  of  the  vas  defertiia 
possess  ganghon  celb,  and  are  medullateiL  Their  mode  of  termination  is 
not  yet  known. 

The  thin-wiJled  vtmiculm  gemhmle^  have  also  a  similar  »true  tu  re.  They 
are,  in  fact,  little  else  than  highly-Jeveloped  diverticula  of  the  same  stamp  aa 
the  ampuliji  of  the  vas  deferens^  but  branching*  'I'hey  are  partly  designed 
as  receptaeles  for  the  semen  as  it  is  secreted,  and  partly  as  secreting  organs 
iheinseivvs.  Their  waUa  are  supplied  with  scattf*red  bundles  of  smooth 
muscular  libretti.  Within  them  we  Und  a  transparent  fluid  which  coagulates 
into  a  gelatiuons  substance  on  exposure  to  the  air,  becoming  subsectuently 
lii[uid  again.  This  is  manifestly  the  same  matter  as  the  semen  dla- 
cliarged  from  the  uretha  (§  284).  According  to  Gerhieh,  the  rugose  mueouf 
Jiiembrane  with  which  they  are  lined  contains  numerous  compouiid  mucona 
glands,  which  are  stated  by  Henle  to  be  of  the  tubular  kind^  and  by  Klein 
to  he  only  pits.    Their  structure  is  otherwise  similar  to  that  of  the  ampulla. 

The  eja/^nlatorff  du^  correspond  also  in  structure  with  the  last  namecl 
organs 

Their  calibre  decreases  greatly  in  their  course  through  the  prostate. 
In  the  more  il dated  portions  their  mucous  membrane  presents  similar 
folds,  tubular  mucous  glandf)^  and  yeUow  and  brown  pigment  granules^  as 
the  ampulia  and  vesiculie  seminales.  Within  the  prostate  the  muscukr 
iayef  of  the  ejaeulatory  duut  gives  platte  to  cavernous  tissue  {Ilenle)^  and 
ttie  mucous  membrane  becomes  thinner,  smoother,  and  loses  ita  glands. 

The  prosiai^t  the  hirgest  of  all  the  organs  connected  with  the  male 
generative  organs,  is  an  aggregation  of  glands  belonging  to  tlte  racemose 
type,  but  presents,  besides^  many  peculiarities.  With  HerUe  we  may  con- 
sider it  as  divided  into  three  portions,  namely,  the  two  sphincters  of  the 
bladder,  the  internal  formed  of  nnstriped  fibres,  and  the  external  with  an 
increasing  number  of  striped  elements  i  and  finally^  the  body  of  tlie  gland 
just  mentioned.  Besides  a  fibrous  tunic  with  an  admixtare  of  muscle 
elements*  the  prostate  is  enveloped  in  a  tough  yellowish  membrane,  con- 
sisting chiefly  of  smooth  muscular  fibres.  This  latter  sends  otf  into  the 
interior  of  the  glandular  mass  a  number  of  processes  forming  a  massive 
framework,  and  making  up  a  considenihle  pjortion  of  the  whole  organ. 
The  separate  elements  of  the  gland,  in  number  varying  from  15  to  20, 
appear  to  be  of  the  racemose  kind.  In  them  we  find  pear-shaped  vesicles 
of  0"1254-0*23  mm,  in  diameter,  lined  with  eohnunar  epithehal  cells. 
The  ducts  of  the  gland  are  fine,  surrounded  by  a  muscular  coat,  and  lined 
with  the  same  columnar  epithelium  :  they  empty  themselves  singly,  in 
the  neighbourhood  of  the  coUicfdu^  neminaiU,  into  the  uretlira. 

The  vascularity  of  the  organ  is  considerable,  ita  vesicles  being  enve- 
loped in  capillary  networks.  The  lymphatics  and  mode  of  termination  of 
the  nerves  of  the  prostate  which  present  ganglion  cells  are  still  unknown. 

The  secretion  of  the  prostate  is  probably  allied  to  that  of  the  vesicuhe 
seminales.  In  both  we  find  an  albuminous  matter  freely  soluble  in  acetic 
Aeid 
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Those  concentrically  lamioated  concretions  known  aa  progiatie  ealetiti 
üx%  composed  of  this  substance.  In  olil  men  almost  eyerj  piosUte  coti* 
tains  some  of  these  bodies,  which  are  often  seated  in  the  excretory  diictfl,J 

The  mum  prodatka  or,  a^  E.  Webftr  haa  named  it,  th«  uierut  maxm 
Unm^  u  a  slender  sacctile,  from  7  to  14  mnu  in  length,  lying  in  the  suli 
sttince  of  the  prostate.  Like  the  toUailui  semuudiä  it  is  lined  with  laminaii 
epithelial  platea^  haä  a  hbrou«»  wall  intennLxed  with  muscle  elemenli^  an 
IB  enveloped  in  a  thin  layer  of  cavernous  tissue.  It  opens  al  the  summit  < 
the  ctjUicuitis  mmifuzlis  between  the  two  ortilce^  of  the  ejaculatory  duct& 

Cotepers  glandfcs  are  enaall,  round,  and  more  or  Jess  lobulated  bodi«0|  ( 
few  lines  broad.  They  possess  a  tibrous  envelope,  cautainrng 
isolated  bundles  of  striped  muscle^  and  presealf  the  n^ual  stmctuiv  of  rac€^ 
inose  giaiid.^.  In  thair  tubules,  wliich  are  separated  from  one  another  by 
connective-tissue  mixed  with  contra^ctiJe  fibre-cells,  we  find  small  glao ' 
vesicles  lined  with  columnar  cells.  The  somewhat  wide  ducts  of  vb#^ 
lobes  are  clothed  with  flattened  cells.  In  the  interior  of  the  organ  they 
unite  to  form  a  number  of  large  passages,  which  give  to  a  trans ver^ 
section  of  the  organ  an  appearance  aa  though  sacculatetl  Sulssequenlly, 
however,  Ihej  combine  at  acute  angle«  to  form  one  sin^jle  tnmk. 

5  287. 

There  etill  remain  to  be  considered  the  urethra  and  €f>ptibitlt>^  or^n 
of  the  male. 

The  first  of  these  consists,  as  is  well  known,  of  three  portions, — ^the  i 
jfroitaika,  passing  through  the  prostate  gland  ;  the  p.  ^nfinbraimcra^  a 
middle  portiun,  made  up  of  an  independent  membrane ;  and  a  tlijiil  com- 
pound  [mrt,  which  is  the  longest  of  the  three,  and  named  j>.  eaüemo 
This  latter  belongs  to  the  perjis,  in  which  it  is  enveloped  in  a  spon 
body,  the  airpits  cm^enimuntt  **  ^pongiösum  urothrte,  which  forme  with  its 
anterior  extrtmiity  the  fjififM  jtem^.  Associated  with  this  spongy  mass  are 
two  other  structures  of  a  similar  nature,  the  carpora  (mveTTtom  peni4^ 
which,  together  with  an  eictemal  covering  of  skin  and'several  voIimlAcy 
muscles  (m,  m.  iäckfocape}*fiüd  mid  bulho-canenw^i)^  make  up  the  oopuUttft 
organ  of  the  male. 

The  urethra  of  man  presents  for  eonsidemtion,  intemallj,  a  mucous 
membrane,  covered  in  the  prostatic  and  membranous  portion  with  flattened 
or  transition  cells,  hut  lower  down  with  cylinder  einthelium  ({  01). 
This  mucosa  is  invested,  again,  in  a  fibrous  tunic,  rich  in  elastic  elements 
and  of  looser  texture,  in  whose  interstices  a  cavernous  tissue  is  formed 
{Hmit),  External  to  this,  again,  is  a  layer  of  invnlnntary  tmiseular  ti^ue 
formed  of  longitudinal  fibres  internally,  and  transverse  externally. 

The  three  portions  must,  however,  be  considered  separately. 

The  first  thing  which  strikes  the  observer  in  the  prmfatic  portion  is 
the  prominence  of  the  Cfdlirtdtis  seminnUif^  to  whirh  wc*  have  already 
referred  in  sjieaking  of  the  ejaculatorj^  ducts  and  prostaUv  It  is  covered 
by  a  longitudinally  wrinkled  mucous  membrane,  and  consisia  of  elastic 
tissue  (intermixed  with  bundles  of  contractile  fibre-cells),  which  bears  all 
the  characters  of  cavernous  sul>stance.  Thia  spongy  tisime  is  h^at  Ihi« 
surface  displai.^cd  at  certain  points  by  glands  similar  to  those  of  th«  pro»- 
täte,  sitnaied  partly  in  the  mucosa  and  partly  deeper  (HenJa).  The 
mucous  membrane  of  the  para  prostatica  is  seen  to  be  arranged  in  fint* 
intersecting  folil«,  chiefly,  however,  longitudinal:  it  contains  gland ule?» 
identical  with  tho^  just  mentioned. 
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In  the  midille  or  membmnous  portion  of  the  passage  under  the  mucous 
mejobnme  &  ]otig*mefih«d  cavern ou a  tissue  again  presents  itself.  Tha 
oi^nic  museukr  Jayer^  on  tlie  other  hand,  U  weaker,  and  coverctl  by 
bundles  of  th«  mtutcuhif  urcihraii^^  which  cjniista  principally  of  trän*- 
vemsly  arrang^id  buiidliia  of  atriped  fibres. 

But  the  unstrip*d  muscuiar  iiämB  of  the  jmra  cavernosa  is  ev^n  lefis 
jieveloped  fitiU»  l£«re  the  mucous  luenjbnmo  is  covered  witli  cylinder 
"  alia,  which  give  place  to  a  covering  of  flattened  epithelium  at  a  greater 
r  leaa  diatanee  from  the  mouth  of  the  urethra. 

Tbe  last-named  portion  of  the  urethra  contains  farther  little  depres- 
sions or  pits,  the  facufue  Mwrganii^  which  are  not  glauduhvr  in  their 
nature ;  also  isolated  small  and  iIlHievelo|»ed  racemose  glandules,  known 
«s  glands  of  Ltttn\  whose  vesicles  and  ducts  aro  lined  with  cylinder 
epith^Liura.    These  do  not  appear  to  exist  in  the  pare  membranacea  (Henle). 

Just  a  ihw  words  in  regaid  to  the  Mn  of  the  penis.  Thia  ib  thin  and 
loose  down  to  the  free  edge  of  the  prepuce,  and  is  possessed  of  fine  downy 
hairs,  w^hich  decrease  in  length  below,  and  iuto  whose  follicles  sebaceous 
glands  empty  themselves.  Its  very  elastic  subcutaneous  areolar  tissue 
prtsenta  lonj^itudinal  hundleä  of  involuntary  muscle-fibres,  prolongations  of 
the  tunica  dartos  of  the  scrotum,  and  iä  quite  devoid  of  fat^ceUs.  This 
subcutaneous  tissue  invest«  the  whole  organ  down  to  the  base  of  the 
glana  :  it  is  known  as  the  fascia  penis.  At  the  root  of  the  member  it  ii 
pondenscd  into  an  elastic  hand^ — the  titjammium  gwtpGnmrium  penis. 

The  connective- tissue  binding  the  two  laminns  of  the  foreskin  together 
manifests  the  saiue  distensibility,  but  is  destit^ite  of  fat :  it  is  intermixed 
with  muscular  elements. 

The  surface  of  the  glana  ia  cohered  by  a  delicate  membrane,  cloa«!y 
mlherent  to  the  cavemoua  tisaue  beneath.  This  membrane  is  possessed 
of  very  numerous  papillie  arranged  in  rows  converging  towards  the  orifice 
of  ih&  urethra,  and  obscured  by  the  flattened  epithelium  covering  of  the 
part  On  the  corona  glandlä  we  may  frequently  observe  larger  papill®, 
measuring  from  O'D  to  05  mm,,  and  appearing  aa  white  specks  through 
the  membrane  or  bulging  out  the  latter 

The  internal  leaf  of  Ihe  foreskin,  smooth  and  without  wrinkles,  prescnta 
all  the  charactßre  of  a  mucous  membrane»  It  is  quite  destitute  of  hair 
and  convoluted  gl  and  a,  but  is  supplied  with  numerous  tufted  papillsG. 

On  the  inner  surface  of  the  prepuce  are  situated  a  number  of  sebaceous 
follicle,  known  as  Tysons  or  Littre's  glands.  These  occur  in  varying 
number  and  form,  and  are  found  at  times  also  upon  the  surface  of  the  glana, 
especially  in  the  vicinity  of  the  frii^num.  Thetr  secretion  mixes  with  the 
epidermal  scales  of  the  part  when  shed,  and  so  assists,  though,  in  a  very 
minor  degree,  in  producing  that  tallowy  substance,  known  as  the  tfm^gnta 
[Tn^putiit  which  collects  sometimes  underneath  the  foreskin, 

Kiich  of  Ihe  corpoi^a  cavvmotfa  is  enveloped  in  a  fibto-ehistic  ttinie,  con- 
taining but  f«w  muscular  elements,  the  tunica  albttglnea^  v.  ßbrctsa,  from 
which  iniiumerabie  bands  and  aepta  are  given  off  Internally,  consisting  of 
ordinary  and  elastic  connective-tissue  fibres»  with  a  number  of  muscular 
elements.  The^e  bands,  then,  nndiirgi>  repeated  subdivision,  and  unite 
in  every  conceivable  way;  so  producing  a  system  of  CÄvitiea  communicat- 
ing with  one  another,  like  those  of  a  s[yonge,  and  lined  throughout  with 
vascular  cells  or  endothetiutm  Thus  a  peculiar  venous  racepUoal  ia 
formed  for  the  blood. 

The  several  cavernous  bodies  in  nmn  resemble  each  other,  aa  a  rule,  in 
37 
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stnietam  The  description  just  given,  Kowöver»  refei«  more  paHicukHj  tc 
the  corpp,  €av.  penis.  These  are  eei>arated  from  one  another  atitehorlj  hj 
an  imiM^ifect  partition.  But,  besides  these,  tliere  is  another  cavemoiu 
body,  the  bfäb  qf  the  urethra^  quite  distinct  from  tkem,  and  remarkable  for 
baTing  a  thinner  envelope,  more  delicate  tmbeenlce,  amaller  receptacuk, 
and  a  Lirger  proportion  of  elastic  fibres.  The  intei^ttcea  in  the  epoDgj 
tissue  ol'  til«  f/ians  are  even  narrower  still 

The  r&5er voire  just  mentioned  are  constaötly  iiiled  with  blood,  bal 
bet^ome  overcharged  with  the  same  at  intervab,  effecting  that  change  tn 
tfie  male  organ  known  as  erection. 

In  order  to  understand  this  phenomenon  claarly,  it  will  he  necessary  lo 
revnew  first  of  all  the  whole  arrangemcixt  of  ireamh  and  circulation  of  the 
cavernous  organs.  In  doing  thij  we  shall  adhere  to  the  description  gif«n 
in  a  very  excellent  work  by  Langer. 

The  corjjQra  cavvrfiom  of  the  penis  only  receive  a  few  infontiderable 
twigs  from  the  dorsal  artery ;  they  ar«  chiefly  supplied  by  tlio  {iffisri^ 
pn^/imdiB  which  run  close  to  the  septum.     These  are  enclosed  in  a  ab< 
^  connected  with  the  caverti' 

cellular  network,  and  give 
gradually  numerous  anasto! 
ing  twigs  to  the  cavernous 
stance  which  run  along  wii 
the  trabecular,  and  take  a  tor^ 
tuous  course  In  the  quiescent 
state  of  the  organ. 

ThB  modes  In  which  these 
vessels  merge  into  the  cavitie« 
of  the  venous  spongy  tissue  aro 
several. 

In  the  first  place«  tbey  d€^ 
crease  rapidly  in  diiimet«r 
towards  the  snrface  of  the 
corpora  cavemcHia,  and  more 
m  still  in  tlie  vicinity  of  the 
septum.  Here  we  find  true 
capillarj"  networks  of  some- 
what laTir^^-üized  tubes  at  the 
point  of  trunsition*  These  con- 
fit  ttute,  tm  Langer  expresses  it, 
the  *' superficial  cortical  net- 
work," and  (fig,  551,  1,  a)  co; 
munieate  with  a  "deeper  s; 
tern  of  wide  venous  canals 
(A)^  **the  deep  cortical  net- 
work." 

An  imm^iate  transition  of 
fine  arterial  twiga  (2»  a)  Into 
these  latter  is  also  to  be  seen»  however,  which  explains  the  rapid  oecnr- 
renco  of  turgidity  in  the  peripheral  system  of  lacunar. 

Direct  communication  of  tenuinaJ  arterial  twigs  takes  p!ac6  nbo  with 
the  deeper  venous  receptacles  of  the  interior,  a  remarkable  funoel-fthaped 
opening  being  evident  at  the  point  of  transitiun  (** Efipßn*'), 

The  trabeculas  of  the  interior  of  tlie  corpora  cavernosa  contain  urn 
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Fig.  iiL— From  %hb  pert|»heTi]  pürtkon  of  the  «orpit» 
CKTcrnoiiifn  penl^  under  low  maifttifyinK  power.  L  4 
neiwurk,  ktinwii  u  ttte  «uptrBdjil  j  b^tht  !lt«p.  3,  Om- 
necHon  nf  ajterl«!  iwici  fa)  with  the  cvukU  of  the 
tl^{<r  oottlt^  D^tworl^  (Ci'tilisd  liter  Lasg^^. 
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wide-meshed  capillary  networks,  which  probably  empty  themselves  like- 
wise into  the  venous  cavities  of  the  part 

Finally,  the  coats  of  the  arteria  profunda  are  supplied  with  a  meshwoik 
of  capiUaiy  vessels.  These  gather  themselves  together  to  form  venous 
twigs,  also  to  be  seen  here,  which  empty  themselves  into  a  network  of 
venous  spaces  surrounding  the  artery. 

The  so-called  arteria  helicmcBj  brought  into  notice  by  /.  MuUei',  and 
the  subject  of  such  frequent  controversy,  used  to  be  supposed  to  terminate, 
after  many  contortions  and  tendril-like  convolutions,  partly  with  blind  sac- 
cules in  the  cavernous  spaces  projecting  into  the  latter.  The  appearances 
which  led  to  these  conclusions  were,  however,  artificial  (Bougei,  Langer), 
produced  in  part  by  imperfect  injection,  partly  by  the  coustriction  caused 
by  severed  elastic  trabecules. 

The  conveyance  of  the  blood  out  of  this  system  of  lacunaa  is  effected, 
in  the  first  place,  in  the  dorsal  portion  of  the  organ,  by  short  venous 
passages,  which  spring  from  the  deeper  cortical  network,  and  empty  them- 
selves into  the  dorsal  vein  of  the  penis  (so-called  vence  emissarias).  Again, 
by  the  venas  emissarim  inferiores,  which  come  from  the  interior  of  the 
cavernous  system,  and  make  their  exit  near  the  urethral  furrow;  lastly, 
by  the  venas  prof undce  of  the  crura  of  the  corpora  cavernosa. 

In  the  spongy  portion  of  the  uretlira  we  tiad  a  venous  network  inter- 
nally around  the  tube,  consisting  of  long  meshes  connected  with  the 
venous  lacunse.  In  the  bulb  alone  do  we  encounter  a  direct  entrance  of 
arterial  twigs  into  the  lacunse :  the  transition  in  other  localities  takes 
place  through  the  medium  of  capillary  networks,  as  seen,  for  instance,  in 
the  mucous  membrane  of  the  urethra. 

In  the  spongy  part  of  the  glans,  where  the  lacunar  system  is  more  or 
less  replaced  by  genuine  venous  vessels,  the  connection  between  arteries 
and  veins  is  everywhere  effected  through  the  medium  of  capillary  inter- 
lacements {Langer). 

The  lymphatics  of  the  male  urethra,  connected  with  those  of  the 
bladder,  are  arranged  in  complicated  networks,  which,  with  longitudinaUy 
arranged  meshes,  open  directly  into  the  lymphatic  canals  of  the  glans 
penis.  The  latter  are  numerous,  but  thinner  than  those  of  the  urethra 
(Teichmann),  They  interlace  in  the  uppermost  layer  of  the  skin  in  the 
form  of  wide  passages,  seen  in  greatest  numbers  in  the  glans,  and  less 
highly  developed  in  the  prepuce  and  other  portions  of  the  organ  {Belajeff), 
The  larger  trunks  derived  from  these  course  along  the  dorsum  of  the  penis, 
and  are  received  partly  into  the  true  pelvis,  partly  into  the  glands  of  the 
groin. 

The  nerves  of  the  penis  are  derived  partly  from  the  cerebro-spinal 
system  (n.  pudendus),  partly  from  the  sympathetic  (plexus  cavernosus). 
The  latter  are  stated  to  supply  the  cavernous  tissue  alone ;  the  first  the 
skin,  and  mucosa  besides.  The  skin  of  the  glans  is  peculiarly  rich  in 
nerves.  Many  years  ago  Krause  discovered  terminal  bulbs  in  this  situa- 
tion,' and  since  then  genital  nerve-corpuscles  (p.  327)  have  been  also 
observed.  Tomsa  mentions  also  a  second  and  more  simple  mode  of  ter- 
mination of  the  nerves  of  the  glans.  Pacinian  corpuscles  also  were  found 
by  Schweigger- Seidel  behind  the  glans,  in  the  neighbourhood  of  the  dorsal 
artery  of  the  penis. 

In  regard  to  the  theory  of  arection  of  the  penis,  Koelliker  endeavoured, 
many  years  ago,  to  explain  it  as  efiected  by  a  relaxation  of  the  muscular 
tissue  of  the  corpora  cavernosa  under  the  influence  of  the  nervous  system. 
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This  woiild  natumllj  alloTr  of  the  diatension  with  bloötl  of  tlie  small 
receptacles  of  the  cavemoua  substanca  Later  3-kbfirt  found  in  the  dog 
fibrea  ninning  from  the  plexus  wchiodiais  to  the  hypogastricus,  which  he- 
ahowed  to  bo  thö  erection  nerves,  Lotmn  found  that  daring  irritjition  of 
these  a  bright  red  stream  of  blood  spurted  from  a  small  arterial  I  wig 
suddenly  on  being  opened  ;  the  pressure  of  the  blood,  at  the  Sftine  time, 
in  the  vessels  of  the  penis  continuing  mucti  less  than  in  the  (parotid.  Hen*, 
then,  we  have  before  na  a  relaxation  of  the  walls  of  the  smaller  arteries 
brought  about  by^  atimulation  of  a  nerve  similar  to  that  produced  in  the 
heart  by  irritation  of  the  vagus. 

But,  besides  this,  no  doubt  bindrancü  to  the  exit  of  the  blood  from  th^ 
organ  increases  the  erection.  This  is  possibly  brought  about  by  thi' 
m.  trammrsiLS  p^rmBt  {Herde)  preventing  the  return  through  the  rootaof 
tho  penis.  Also  by  the  position  of  the  vtnce  pm/undm  in  the  corpon 
cavernos^i,  and  tho  fact  that  the  veins  of  the  pierus  pwi^ndmlU  poneü 
nui|ieroua  projections  of  smooth  muscles, 

B,  Organs  of  the  Animal  Group. 

6.  Bony  Apparatus» 

§  288. 

Although  we  have  already  referred  at  some  length,  in  the  second  part 
of  our  work,  to  tho  bon*/  apparahm  or  osseous  st^Mem  in  dealing  with  the 
tissues  of  which  bones  are  composed,  there  still  remain  so  mo  complo- 
meutflry  considerations  which  must  occupy  us  for  a  few  moments.  Th^e 
are,  in  the  hrst  place^  tlie  nuxie  of  conT^ctioit  of  the  varioiia  portions  of 
the  skeleton  with  one  another ;  secondly,  the  vtnisdtt  and  nerves  of  hone ; 
and  thirdly,  the  substance  with  which  the  cavities  of  tho  latter  Hlled  u]>. 

Tlie  ways  in  which  bones  are  joined  together  are,  as  is  well  known,  very 
various.  While  in  the  embryo  the  connecting  masses  are,  in  alt  prohi- 
bility,  almost  universally  solid,  but  a  small  number  of  them  remains  so  at 
a  later  period.  In  such  instances  they  are  known  to  anattmiiäta  as 
examples  of  st/nctrtJiroalsj  a  mode  of  connection  represented  in  fnjinr*'jf  and 
itymphyses.  In  other  rudimentary  masses  of  this  kind  a  process  of  liqui- 
faction* in  the  interior  gives  rbo  to  the  formation  of  cavities,  while  the 
peripheral  cells  of  the  mass  are  transformed  into  the  tissue  of  a  ea|)stil<^^ 
with  its  epithelial  cells^  &c.  This  mode  of  connection  is  deaiiniated  m 
diariitrosü,  or  jointed  union.  If,  as  is  often  tho  case  with  symphyses, 
the  process  of  liquifaction  should  cease  at  an  early  period,  we  have  wbit 
has  been  called  half  joints  (Luschka).  The  latter  are  usually  someiwhat 
ilUdelined,  and  are  variable  in  nature  :  no  synovial  capsule  is  to  be  reccg^ 
nised  in  their  interior. 

In  regard  now  to  the  several  media  of  articulation  between  bon«a.  th@ 
riuttire  is  united  by  what  is  incorrectly  named  suture-cartilage,  which  is 
noticing  less  than  a  line  band  of  whitish  hbrous  co an ective*t issue.  8ym* 
pliysis  is  ejected  by  hyaline,  or  6hrous  cartilage  and  connective  tiafue. 
Here  the  ends  of  the  bones  are  clothed  with  a  layer  of  hyaline  substance, 
which,  covered  externally  by  connective  tissue,  completes  the  ui^ion  \  or 
thiB  cartilage  passes  gradually,  more  and  more,  into  a  ifibrous  mass,  which 
may  at  cer^in  points  give  way  to  pure  connective- tissue.  We  have  already 
referred  to  this  texture,  in  speaking  of  fibrous  cartilage,  in  §  lU9,  where  th« 
intervertebral  disks  were  fully  described.  The  «yinphym^  puhiä  and 
$ticrüiUüCa  are  half  joints,  as  also  almost  invariably  the  pointi  of  union  of 
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the  costal  cartilages  with  the  sternum  from  the  second  to  the  seventh  rib. 
We  not  unfrequently  meet  in  the  symphyses  ^vith  a  layer  of  calcified  car- 
tilaginous tissue  in  the  vicinity  of  the  bone.  The  further  consideration 
of  these  parts  must  be  left  to  works  on  descriptive  anatomy. 

As  regards  the  joints,  we  have  already  considered  their  cartilages  (§  107), 
and  in  §  109  their  labra  cartilcujfinea,  sometimes  present. 

Under  the  cartilaginous  coverings  of  bones  forming  joints  we  very 
generally  find  a  layer  of  peculiar  undeveloped  osseous  tissue.  It  is,  on 
an  average,  0*27  mm.  in  thickness  {Kodliker),  and  consists  of  a  yellowish 
and  usually  fibrous  solid  mass,  which  presents,  however,  neither  Haversian 
canals  nor  bone  corpuscles.  Instead  of  these,  we  observe  in  thin  sections 
cartilage  capsules  filled  with  air. 

A  description  of  the  tissue  of  the  synovial  capsules  will  be  found  in 
§  135.  The  latter  are  very  vascular,  and  are  richly  supplied,  apparently, 
with  lymphatics  (TeicJimann).  They  are  strengthened  externally  by  the 
addition  of  strong  fibrous  tissue.  Their  epithelial  lining  has  been  already 
discussed,  as  far  as  it  occurs,  in  §  88,  and  the  synovia  itself  in  §  97.  For 
a  description  of  the  inter-arHctdar  cartilages — those  disks  of  connective- 
tissue  cartilage  attached  laterally  to  synovial  capsules,  and  interposed 
between  the  heads  of  bones  forming  joints — compare  §  109.  The  liga- 
ments of  joints  consist  of  connective  or  fibrous  tissue  (§  135). 

From  the  frequent  deposit  of  fat-cells  in  the  connective-tissue  envelop- 
ing synovial  capsules,  it  is  often  found,  as  already  alluded  to  in  §  122, 
that  collections  of  the  former  are  protruded  into  the  cavity  of  the  joint  in 
the  form  of  duplicaturea  These  are  most  usually  met  with  in  the  knee 
and  hip  joints,  and  are  known  there  as  the  glands  of  Havers.  The  appear- 
ance, however,  of  very  vascular  fringed  folds  of  synovial  tissue  is  of  far 
more  frequent  occurrence,  and  encountered  in  almost  all  joints.  These 
are  usually  destitute  of  fat-cells,  and  present  occasionally  a  few  cartilage 
elements  intermixed  with  those  of  the  connective-tissue.  They  have  been 
given  the  name  o^plicce  vascvlosce  (1),  and  are  represented  also  in  the  half 
joints,  according  to  Luschka,  although  devoid  of  vessels  in  those  situations. 

Remarks  (1). — The  structures  in  question  are  frequently  covered  with  smaller  pro- 
cesses, leaf-shaped  or  membraneous,  and  sometimes  of  the  strangest  shapes.  From 
these  the  loodc  cartilages  found  at  times  in  the  interior  of  joints  are  derived,  though 
not  exclasivelv.  They  consist  of  more  or  less  calcified  cartilage,  and  occur  most 
frequently  in  the  knee.  Compare  Virchow,  **  Die  krankhaften  Geschwülste,"  Bd.  L  5, 
449. 

§289. 

As  regards  the  blood-vessels  of  bone,  we  have  to  bear  in  mind,  in  the 
first  place,  that  the  periosteum  (§  135)  is  very  vascular.  It  is  supplied  by 
a  number  of  large  vessels,  which  pierce  it,  however,  for  the  most  part,  only 
on  their  way  to  supply  the  osseous  tissue  beneath.  It  is  possessed, 
farther,  of  finer  vessels  proper  to  itself,  which  are  arranged  in  rather  com- 
plex capillary  networks. 

In  order  the  better  to  comprehend  the  arrangement  of  the  vessels  of 
osseous  tissue,  let  us  first  take  one  of  the  tubular  bones  as  an  example. 
As  we  have  seen  above,  nximerous  vessels  from  the  periosteum  are  given 
off  to  the  openings  of  the  Haversian  canals  (§  140),  and  are  there  arranged 
in  a  long- meshed  network  of  tubes  of  considerable  size,  which  often  assume 
characters  different  from  those  of  true  capillaries,  and  belonging  rather  to 
the  smaller  veins  and  arteriea  Beside  this,  we  always  meet  with  a  large 
tingle  or  double  canal  in  the  diaphysis  of  such  a  bone,  the  foramen  nutri- 
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tiumf  into  wliicli  an  oj-terial  twig  is  sent  wbich  makes  its  way  evenhullj 
into  the  central  medullarj  canal  m  the  arttHa  mitritia.  The  latter  tlieii 
dividea  into  an  ascending  and  descending  branch,  which  again  break  up 
into  a  capillary  network,  includiirg  the  fiit-cells  of  the  medulla  in  iu 
loops  (see  below),  and  giving  off  a  series  of  Teasels  which  enltr  llie 
internal  opening  of  the  Haverdan  canak  to  anastomose  with  those  coming 
from  the  periosteum.  In  the  epiphyses,  also,  the  supply  of  blood  \% 
partly  from  withotit,  throagh  amall  veasela  derived  from  the  periosteum,  or 
larger  twigs  entering  through  the  more  numerous  nutritions  foramiiua  of 
theae  portion^* ;  and  partly  from  within,  throwgh  cloae  connection  with  the 
veaaels  of  tlie  medullary  canals  of  the  diaphysi,^.  These  v^sela,  then,  are 
situated,  in  the  first  pkce,  within  the  Harersitm  canals,  and  agaiii  distri- 
buted through  the  medullary  cavities. 

The  course  of  the  veins  is  analogous  to  tliat  of  the  arteries*  One  aet  of 
venous  vessels  convey  the  blood  out  of  the  part  through  the  larger  and 
Jitnaller  nutrient  canals  ;  another  set  of  branches  retnrn  to  the  periostGum 
by  the  peripheral  openings  of  the  smaller  medullary  canals. 

Turning  now  to  the  other  kinds  of  bones — to  the  short  and  tabu 
namely,— we  find  that  they  present  the  same  arrangement  of  TascdaT' 
Supply  as  the  epiphysi-s,  with  the  exception  of  the  fiat  bonea  of  the  ht^ad. 
Through  the  many  openings,  namely,  on  their  surfaces,  small  arteriea  i 
veinii  make  their  entrance  and  exit :  their  terminsl  branches  are  foui3 
however,  more  in  the  medullary  cavities  than  the  scanty  Hm^avia 
canals,  Tlie  fiat  bones  of  the  cranium,  on  tlic  other  hand,  are  suppUei 
by  numerous  fine  arterial  twigs,  which  enter  through  boles  in  the  two  ' 
vitreous  plates,  and  break  up  in  the  cavities  of  the  diploe  into  capiUarie» 
interlacing  amongst  themselves.  The  veina,  however,  present  themsehes, 
as  was  diseovered  by  Bre^ehet^  in  quickly-branching  wide  bony  canals,  in 
the  form  of  very  thin- walled  tubes  traversing  the  diploe  in  various  dij 
tions,  and  emptying  themselves  partly  into  the  external  veins  of 
head,  and  partly  into  those  of  the  dum  mater.  The  cartilage  covering 
the  ends  of  bones  is  quite  destitute  of  vessels. 

The  existence  of  lijmphaHrji  in  osseous  substance  haa  not  been  demon* 
itrated  to  a  certainty. 

The  n^^D€$  with  which  bones  are  supplied  present  the  same  artmng 
ment  as  the  blood-vessels.     The  periosteum  is  very  richly  supplied  wiilj 
them  I  but  the  greater  proportion  simply  pierce  this  membrane  to  read 
the  osseous  tissue  beneath, — so  that,  in  fact,  but  a  small  numbeir  properljl 
belong  to  it  itself.    In  this  respect,  however,  the  periosteum  variee  gTMtljM 
according  to  locality  :  in  some  spots  it  appears  to  be  quite  without  nerve 
while  in  others  it  is  ri#^lily  supplied.     The  nerves  consist  of  broail  au4 
inedlum-si^ed  fibres  which  split  np  before  their  termination. 

One  set  of  nerves  enter  the  bone  with  the  biood-vesaels  which 
through  the  periosteum,  by  means  of  the  lluvtnian  canals :  the-a^  are 
very  line.  Other  stronger  twigs  find  their  way  i  nto  the  interior  through  the 
foramina  nutritJa*  Frt>m  thence  they  are  distributeii  to  the  lai^er  mei! Hi- 
lary cavities.  Their  ultimate  termination  is  still  a  matter  of  donbt.  Many  ul 
the  short  and  flat  bones  are,  aoconiing  to  Kmlliker^  very  highly  inner^'aled, 
Most  of  the  nervea  are  derived  from  the  cerehrospiual  system. 

The  capsules  of  the  joints  are  nUo  very  rich  in  nervous  supply^  whila 
the  ligaments  are  but  scantily  furnbhed  with  sentient  elements. 

The  cavities  of  the  hones  are  filled  up  with  a  substance  knovm  as  iJie 
nmrrow.     This  presents  itself  under  two  forms,  with  intermediate 
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''^$ik^  In  the  long  bones  it  is  met  with  as  a  jellow  mass,  found  under 
the  microscopo  to  be  nmilo  up  of  scanty  bundles  of  connective-tisaui* 
iutersperaijd  with  fat-cells  {fig.  552,  d,  t).  Chemical  analgia  showa  it  tii 
be  compose*!  of  neutral  futs  to  the  amount  of  DG  per  cent.,  aeconling  to 
Berzdius  (comp.  §§  122  and  147).  In  the  epiphyses,  oa  the  contrar)% 
and  in  Hat  and  short  hones,  thu  medulla  is  a  reddish  or  red  mass  of 
4*oft  consisteuee,  made  up  usually  of  bundles  of  connoctive- tissue  similar 
to  thoie  of  the  last  variety  (but  iu  Pinaller  quaiitity)j  with  an  ever- 
decreasing  number  of  fat-cells  contaiuing,  on  the  other  hand,  numerous 
small  contractile  lymphoiil  elements,  with  granular  contents  and  ilistinet 
nuclei.  These  latter,  OOD?Ki-0<IU3  mm.  in  diameter,  are  identical  with 
the  cells  figuring  in  plate  552,  h,  from  tlie  medulla  of  aji  infant 
them,  they  were  formerly  supposed  to  be 
descendant«  of  the  cartilage  medullary 
cells  (5  147). 

On  the  surface  also  of  the  yellow  variety 
of  ^Jedulh^  cells  of  this  kind  are  to  he  met 
with  here  and  there. 

An  interesting  point,  in  rL'K'i^^^l  tf>  these 
lymphoid  cells  of  the  medulla  of  hones, 
has  recently  been  noticed  by  Neuman  and 
BiiZiTsem  in  the  osseous  tissues  of  man  and 
other  mammalia.  This  is  the  transfor- 
mation of  the  former  into  red  blood  cor- 
pusclea,  reminding  us  of  the  formation  of 
«mbryonic  blood,  llie  possibility  of  im- 
migration of  these  into  the  vesßeb  of  the 
medulla  is  suggested. 

Another  kind  of  element  is  also  to  be 
fo'ind  in  the  medulla  of  hones ,  and,  more- 
over, at  ali  periods  of  liJ'e,  namely,  hirge  isolated  membraneless  multi- 
nuclear  cells,  known  as  mi/ehjdajre^  (p*  258).  A eco ruling  to  BtrzelitiSf  rod 
medullary  substance  from  the  diploe  contains  75  5  per  ceuL  of  water, 
tmees  24*5  of  solid  constituents,  protein  compounds,  and  salts,  but  merely 
of  fatty  matters. 

7,  Mu&eular  Apparatus. 

5  290, 

The  stnielures  we  are  now  about  to  consider  bneHy  have  Ixren  already 
des*!nhf!tl  in  the  second  portion  of  our  work  in  dealing  with  nmscular  tissut» 
(J§  162-173).  The  structure  of  the  ^ejwfa^tff  formed  the  subject  of  §  134» 
belonging  as  they  do  to  the  cnnneetive-tissues,  among  which  ihn  fitiiciit^t 
also  are  inchided.  In  §  lOQ  the  fact  w^as  also  mentiom^d«  that  at  thost} 
points  wdiere  tendons  are  inserted  into  bone,  deposits  of  cartilage  cells  art; 
not  unfrequently  met  with  between  the  bundles  of  iibres,  of  which  thts 
structure  is  chiefly  composed,  thus  giving  tise  to  a  kind  of  fibro-cartilage. 
Tliat  the  same  cartilaginous  tissue  may  be  developed  in  the  interior  a( 
tendons  was  also  remarked  in  the  same  place.  Here,  then,  we  have  tlit? 
fource  of  st'mmoid  mriilmffs^  whose  place  again  may  be  taken  by  analogous 
oeseous  formations  known  as  scsumoid  bones. 

The  Mood-msseh  of  the  tendons  can  he  only  found  with  groat  diffit^ulty, 
nayi  further,  small  sinews  are  entirely  destitute  of  them,  and  are  supptietl 
entirely  hy  a  wide-meshed  network  contained  in  the  connective-tissue  in 


fmtD  the  t^uLOieiiK  fft  f,  buiiiin  hatv»  kI 
flTo  moTirh^;  r*,  frorn  th<?  nme  bone  of 
tn  lntm\t  ihürtljr  ■rtrrbtith;  «,  Mftllftt«' 
■nd  liiiirtiriji  ci'lJii  (Tttm  thti  HTkti  d. 
fwrmntutri  nf  tfn«  f^itHTclli  at  tlm  uinTTOW; 
(,  ttcdJ  nik-'l  Vfith  QÜ 
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wliicli  tliey  are  (invtiloped.  Large  tendon»  contain  in  their  euperfiekli 
Iftyer«  Lsokted  veaaels ;  wbile  those  of  greatest  magnitude  are  supplied: J 
with  hlood-ve^selB  as  far  as  their  internal  laminse,  whiie  that  pofti0IL| 
farthe^it  from  the  surface  remains  non  yascular. 

1*he  mtt^ifij^  or  stjnfmal  sheaths  of  the  tendons,  tM^ffinm  «tftiomaUt  l&?ei 
tM*en  already  described  in  speaking  of  tlie  latter»     The  ^i/Jtovial  sfieafhji  ( 
mtitfrUx  have  also  a  si tn liar  structure^  ns  likewii?e  the  hursn'  mucmm,     Moef* 
of  these  are,  however,  bj  no  means  shut  serous  saf:a,  as  was  formerly  sup 
posed  \  this*  is  only  in  some  measure  the  ease  here  and  there.     The  same 
may  be  föiid  of  the  epithelial  iiuing  of  simple  flattened  eeUs  ff  87) :  it  in 
only  met  with  in  portions  of  tlie  capsules,  in  the  walls  of  whicli,  fiirtlier, 
a  sprinkling  of  cartilage  cells  may  bo  met  with.     Tlte  eontenti  of  all  tbee«  i 
rAvities  have  been  already  dealt  with  in  considering  the  synovia  {p*  155). 

In  §  168  the  bloffd-remelif  of  the  muscles  are  dealt  with,  and  Ibe 
nermis  of  the  latter  in  §  182,  with  the  nervous  system  generally.  The 
ItpnpJta/te^,  as  far  as  we  may  judge  from  the  scanty  observations  whicli 
have  up  to  the  pTesent  been  made  upon  the  subject,  present  themselv^?» 
in  muscular  tissae  in  but  small  number  {Teichmaiin).  They  were  found, 
however,  by  Tom^j  in  the  interstitial  connective-tissue  between  the 
fibre«  of  these  oj^gana  in  the  dog  i  another  superficial  set,  also,  is  described 
hjHis. 

8.  Narvous  Apparatus. 

§  29L 

The  greater  part  of  the  nervous  system  has  already  come  nn der  con- 
sideration in  an  earlier  portion  of  our  wiirk   (§    171-192);   Lhere  Btill 

^^    reraairi,   however^  tbo   bmin 

^  and  i'ptmd  cord. 

The  medulhi  »jnnaltä  (1),  a 
eylindricai  nervous  cord,  con- 
sists of  an  internal  gre^  m 
fp'eijfäh-redf  and  an  ejs^md 
white  miifstanm.  The  first» 
prolonged  throughout  the 
whole  length  of  the  corij,  has, 
on  tran averse  section  of  the 
latter  (fig.  f)5*i),  the  ebape 
genexally  of  the  letkT  H; 
that  is,  it  may  bo  said  to  con- 
sist of  a  middle  portion,  two 
anterior  {d)  and  two  posteria 
comua.  The  latt*r^  further^- 
are  enclosed  withiu  ancUierl 
clear  gelatinous  layer^  knowttJ 
as  the  sTib^tftfitm  tjeluHnos^  of 
Bohitido  (/),  In  tha  middle 
of  the  grey  substance  4  deli^ 
cate  central  canal  (c)  is  ob- 
senred,  the  only  trace  left  d 
the  rudimentary  groove  whic 
gradually  closed  in  to  form  the  foetal  spinal  cord,  Jt  is  lined  witljin  by  ' 
ciliated  epithelial  cells  (§  03), 

The  circumferential  tühiie  substance  presents  deep  indentations  both 


W 
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before  and  behind,  the  anterior  (a)  and  posterior  medium  fissures  (h),  so 
that  its  two  halves  are  only  connected  at  the  bottom  of  the  anterior  fissure 
by  a  white  band  (A),  the  white  commissure  or  commimra  anterior.  The 
isthmus,  however,  contains  besides  a  band  of  grey  substance,  known  as 
the  posterior  commissure  (/).  The  white  matter  of  the  cord  may  be  con- 
sidered as  consisting  of  three  imperfectly  defined  symmetrical  longitudinal 
bands, — the  anterior  (g),  lateral  (//),  an^  poatcrior  (i)  columns. 

In  the  cervical  portion  of  the  spinal  marrow  the  latter  most  internal 
and  posterior  portion  constitutes  what  is  known  as  the  band  of  Gollj  to 
which  we  will  again  refer  in  speaking  of  the  medulla  oblongata. 

At  the  junction  of  lateral  and  anterior  columns  the  motor  roots  of  the 
spinal  nerves  penetrate  as  far  as  the  anterior  comu ;  while  the  entrance 
of  the  posterior  sensory  roots  takes  place  in  a  similar  manner  at  the  point 
of  union  of  the  middle  and  hinder  columns. 

Looking  at  it  from  a  histological  point  of  view,  the  whole  spinal  marrow 
may  be  said  to  be  supported  interstitially  by  a  lowly-organised  vascular 
connective-tissue,  and  to  be  composed  of  nervous  fibres  and  ganglion  cells 
imbedded  in  this  framework.  In  the  white  substance,  however,  we  find 
fibrous  nerve-elements  alone,  but  in  the  grey,  besides  these,  ganglion 
cells.  There  are,  however,  so  many  difficulties  still  connected  with  the 
investigation  of  the  more  minute  arrangement  and  combination  of  these 
nerve-elements,  that,  with  the  brain,  the  spinal  cord  may  be  said  to  be  one 
of  the  most  obscure  and  unsatisfactory  fields  of  modem  histological 
research.  One  of  the  obstacles  to  advance  in  this  direction  is,  that  we 
are  unable  here  to  draw  any  sharp  line  of  distinction  between  nervous 
and  connective-tissue  constituents  (see  §  119).  One  school  of  histologists 
believe  that  connective-tissue  constitutes  a  very  lai-ge  portion  of  the  sub- 
stance of  the  spinal  cord,  while  quite  the  opposite  view  is  held  by  another 
party. 

Remarks. — (1.)  Literature  is  very  rich  in  treatises  on  the  structure  of  the  spinal 
cord.  Besides  numerous  Continental  essays  by  Stilling  and  Wallach,  Schröder  van 
der  Kolk,  Kof  Hiker,  Itcissner,  Deiters,  Gerlach,  may  be  mentioned  those  of  Lockhard, 
Clarke,  Philos.  Transact.  1851,  p.  ii.  p.  607,  and  p.  iii.  p.  847  ;  and  Beale's  Archiv,  of 
Medic,  1858,  p.  iii.  p.  200.  Further,  in  t\\^  Proceed,  of  Boy.  Soc.  vol.  viii.  No.  27 ;  and 
Philos.  Trans.  1858,  p.  i.  p.  231,  and  1869,  p.  i.  ]).  487.  /.  Dean's  Mia-oscopietU 
AnaUytny  of  Lumbar  Enlargement  of  the  Spinal  Cord,  Cambridge  {U.S.)  1861.  JV. 
Etndry  in  Micros.  Joum.  1863,  p.  41. 

§292. 

We  shall  now  consider  the  neuroglia  or  connective-tissue  sustentaeular 
substance  of  the  spinal  cord,  whose  chief  peculiarities  have  been  already 
touched  on  in  a  former  section  (§119). 

In  it  we  have  a  framework,  as  it  were,  for  the  medulla,  in  contact  with 
the  pia  mater  externally,  and  continuous  throughout  the  whole  cord, 
though  of  by  no  means  of  the  same  structure  in  the  diflerent  divisions  of 
the  latter. 

We  find  it  in  its  simplest  form  surrounding  the  central  canal  as  a  ring 
merging  imperceptibly  at  its  periphery  into  the  grey  matter.  To  this 
several  namps  have  been  given,  such  as  **  central  ependymal  thread,"  "  grey 
central  nucleus,"  "  gelatinous  central  substance."  It  presents  itself  here 
as  a  soft  substance  of  homogeneous,  streaky,  or  even  at  certain  points 
finely  fibrous  appearance.  Filiform  processes  from  the  epithelial  cells  of 
the  axis  canal  project  into  it,  as  also  connective-tissue  ramifications  of  the 
pia  mater  from  both  fissures  of  the  cord.     Cellular  elements  may  also  be 
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recognised  as  entering  Into  tlie  compoaition  of  tbia  ependjmol 
They  appear  to  have  been  formerly  incorrectly  described  aa  nerve-cella,  t 
wliich,  as  well  as  of  nerTe-übres,  this  tissue  is  entirely  destituta 

The  substantia  gdatinosa  of  lit/lando^  mentioned  in  the  preceding  seetiooi« 
preaeate  also  purely  connective-tissue  charactera.     It  is  remarkabl©  for  iJ2 
richness  in  c^illolar  elements     Some  very  few  nervous  conititneots 
be  observed  in  it  in  the  ibrm  of  scattered  fibres. 

But  the  sustentacular  substance  in  the  grey  matter  of  the  cord  ia  fai 
idea  pure ;  it  is  mixed  up  with  nerve-äbres,  ganglion  cells,  with 
various  pi-oceaaes,  and  blood-vesaela     It  forms  here  a  ftnely  porous  ap^^ogf  I 
tissue,  referred  to  already  at  §  119,  of  the  most  delicate  texture»  withi 
nnraerous  free  nuclei  or  (if  the  latter  still  retain  a  thin  layer  of  protoplasio) 
with  the  equivalents  of  small  cells. 

The  counective^tiösue  framework  of  the   white   stihstanee,   however, 
^^.  attain»  a  ^freater  degree  of  niasaivenesa.      In  trau»- 

y^öpö^J^y       verse  section  (%*  554)  it  appears  homogeneous  or| 
JNM»jSD|p*      streaky,  doited  at  its  nodal  points  with  nuclei^  and 
Smp^^^VW*      forming  so  a  lace- work  as  it  were,  in  whose  meshes 
^^i^JrifTl  '       *^^  trans ver»©  aectionn  of  the  nerve  tubes  are  to  lie 
"^j^^i^J^        seen  ;  while  in  longitudinal  cuts  a  more  or  less  rpgu^ 
larly  tubulated  appearance  ia  presented  by  the  sli(!e» 
which  may  also  show  oblong  deficiencies  of  substance. 
Larger  collections  of  connective   substance  some- , 
times   form   mdiating  partitions   around  groupa  of' 
nerve-fibres,  giving  by  their  numerous  intercom  mini- 
cations  a  netrlike  appearance  to  the  whole  (fig,  553,  A), 
Towards   the  periphery  of  the  card   the  susteutacular  f^ubstance  Is 
again  rnucli  more  highly  organised,  and  is  free  from  nerve*fibrtis  (Bidder^ 
and   Kupffer^  Clarke ^  Koelliktr,   Frommann),     I^aatlj,   the   pia   malrr 

covers  the  surface  of  this  grey  cortical 
layer. 

Turning  now  to  the  hlttod-vetttU 
of  the  cord  (fig,  555),  it  may  hn 
usually  observed  in  transverse  sec  tians 
that  from  the  branches  of  the  art 
med.  ^in.  miler.  two  twigs  ai^  given 
off  in  the  anterior  Jissurp,  which 
pass  into  the  substance  of  the  spinal 
marrow»  and  that  a  thbd  twig,  cor* 
responding  to  them,  lies  in  the  post^v 
rioT  fissure  (^,  c).  Other  finer  arterial 
tubes  are  conducted  into  the  white 
substance  (/,  g,  A)  by  the  rndtatinj^' 
bands  of  connective- tissue  of  the  pia 
mater.  It  is  from  these  principally 
that  the  capillary  interkeerat'nts  of 
the  white  matter  are  supplied,  which 
are  here  particularly  large  mt?shwi, 
and  compo-sed  of  very  delicate  tnbt»» 
The  capillary  network  of  the  grey 
substance  is  much  more  dense  (d^  ^1 
It  is  chiefly  derived  from  the  arteri^  of  the  fissures  just  named,  but  is  con- 
nected at  all  points  of  its  periphery  %vith  the  vessels  of  the  white  subfitaaoeL 
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Of  the  veins,  two  are  BpeckUjr  atpiking  m  the  neiglibourhood  of  the 
central  cafial  (Clarke^  Lerüioasek), 

Some  3rears  ago  the  arrangement  of  the  caplllaiy  network  of  tlio  cord 
waa  very  minutely  studied  by  Goll  The  wid^t  nxeslies  ware  found  by 
him  in  the  anterior  columns,  the  finest  iu  the  lateral,  while  those  of  the 
posterior  columns  lay  betweea  the  two*  But  the  denaL^st  capdkrj  inter- 
la^meata  of  all  are  to  be  met  with  in  the  grey  matter  in  tho^e  f^itnationa 
^  rhdra  many  ganglion  ceils  are  collected  together.  Fin  ally  ^  tJie  re^tifonn 
^%oälea  are  remarkahla  for  having  meshes  of  capillaries  as  small  m  those 
gf  the  grey  substance. 

It  has  been  already  mentioned  (§  207)  that  throughout  the  whole  apinal 
corti  and  brain,  all  the  blood-ves&el^,  including  arteriea,  veins,  and  capil- 
laries, are  invested  with  a  loose  sheath  of  connect! ve-tisaue,  A  watery  fluid 
found  within  the  latter  has  been  regaidöd  by  some  as  lymph.  The  existence, 
however^  of  this  system  of  psnviMcular  canals  of  His  is  not  yet  firmly 
established^  and  has  lately  beuu  tbo  subject  of  very  earnest  controversy« 

Having  now  discussed  the  connoctive-tiesue  groundwork  of  the  coixl, 
let  us  turn  to  its  nervous  elements. 

The  ichiie  auhsitmee,  as  has  been  already  remarked,  conBists  entirely  of 
fibres.  These  present  all  the  characters  of  central  stmcturea  (fig.  556,/,  g,  A), 
%,e.t  they  are  not  supplied  with  the  same  primitive  sheath  as  the  peripheml 
tubes,  &tj  tliat  in  many  casei  we  are  only  able  to  obtain  them  in  broken 
fragment«.  In  the  fiuf^r  specimens  further  there  sefifms  to  be  a  teadeney  to 
varicosity  (§  176),  and  wo  may  easily  recognise  their  axis  cylinder.  Their 
diameter  may  be  roughly  estimatöd 
at  from  0  0029  to  OOtoO  mm.,  show- 
ing, that  besides  very  line  elements, 
i.broailer  ones  also  exbt.  It  appeal's 
'l)eyond  doubt,  further,  that  these  central 
fibres  divide,  although  we  are  confined  to 
conjecture  at  present  as  to  the  freijuency 
of  the  occurrence. 

Passing  on  to  the  arran^&tnmU  of  the 
nerve  fibres  in  the  white  columns  of  the 
conl  (tig,  557),  wo  have  to  disciiminate 
l^etween  bundles  which  hold  a  lorujUu-^ 
dinai^  a  horizontal,  and  an  obliquß  course. 
The  greater  proportion  of  fibres  belong  to 
the  first  of  these  classes  {l^  m,  n),  and  are 
often  unmixed  with  bundles  having  any 
other  direction.  Their  course  in  the 
peripheral  portions  of  the  cord  is  regularly 
paralW,  while  in  the  vicinity  of  the  grey 
matter  tht*y  generally  may  be  observed 
to  interlace,  and  to  be  collected  in  small 
fasciculi. 

Further,  and  in  this  we  have  probably 
an  important  physiological  fact,  certain 
regular  dilTeronces  in  the  diameter  of  those  nerve  fibres  of  the  white 
columns  are  manifest* 

In  the  first  pkce,  the  more  internal,  lying  close  to  the  grey  matter, 
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ai«»markaUe  for  their  imnU  diameter,  as  compared  with  tl^eir  fdloi 
situated  more  ertemallj.  One  spot  in  particular  presents  rerjr  fine  libras, 
namdy,  close  to  tbe  inner  ajigh  of  the  lateral  column,  where  the  anterior 
and  poateiior  eomua  meet 

Ter  J  chamcterisUc  differed  ees  in  diameter  are  also  apparent^  if  we  ooin- 
pare  the  chief  maasei  of  fibres  t>f  the  various  columns.  The  antenar  (t) 
pomiesa  the  broadest,  and  consist  principally  of  auch.  Those  bundles  of  the 
lateral  column  in  the  vicinity  of  the  grey  matter  are  marie  up  of  very  fin« 

elements.  Further  out  towaids 
the  periphery  a  stronger  series 
ifl  to  be  found  occurring  with 
great  rej^ularity  (w),  and  in- 
termixed  more  exU-^miLllyittll 
with  Bmall  farcical  i  of  finer 
fibril lia  The  fibres  of  ih^  pos- 
terior coin  mn,  com  par«*d  with 
those  of  the  ant<»ritjr,  are  dis- 
tinctly smaüer  in  dianieter* 
Bat  in  the  bands  of  GoU  we 
meet  with  the  most  delicate 
filaments  of  all  disposed  with 
the  utmost  regularity. 

Let  U8  now  turn  to  the 
transverse  and  oblique  syi- 
temaof  fibrescoursiijg  througk 
the  white  columns. 

These,  without  counting 
the  elements  of  the  two  com- 
missures^  consist  of  the  root- 
bund  Ics  of  the  spinal  nerrea 
(i,  k)  emerging  from  tbe  gtey 
comua,  and  intersecting  the 
longitudinal  bands  of  fibres 
of  the  white  substance.  But 
it  is  only  the  posterior  sys- 
tems of  fa^iculi  that  run 
really  horizontally,  the  motor  root^hundlea  take  an  oblique  cours«. 

The  antermr  or  nvoior  roots  pass  through  the  white  su  beta  nee  in  serermt 
fasciculi,  and  with  a  tolerably  straight  course,  separating  the  anterior  from 
the  lateral  eolumos.  In  this  way  they  arrive  at  the  anterior  eomu  still 
in  the  form  of  broad  fibres,  and  then  break  up  into  delicate  elements, 
which  radiate  in  all  directions,  and  in  various  planes,  forming  at  the  same 
time  numerous  loopa.  Many  take  their  cptirse  along  the  surface  of  the  comu 
inwards,  in  an  arch  towards  the  anterior  longitudinal  fissure.  Others, 
again,  are  directed  outwards  towards  the  boundary  of  the  lateral  column, 
turning  round  sj*ain  and  running  inwards.  Other  bundles,  again,  may  Im 
followed  directly  backwards  as  far  as  the  base  of  the  posterior  comiL 

In  order  the  better  to  understand  their  further  destiny,  let  us  acocimr 
patiy  these  nervous  fasciculi  into  the  anterior  cornu,  and  in  the  ^ery  iisl 
plftce  inquire  into  the  complicated  structure  of  the  gre^  moMer, 

In  the  delicate  spongy  mass,  of  which  its  sos tentacular  tissue  is  com* 
posed,  we  see,  in  the  first  place,  an  inextricable  maze  of  fine  and  extremely 
delicate  nerve  ßlameriis,     Then^  in  the  anienor  c&mu  latga  multipoli^ 
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ganglion  celh  (cQ  nm  ooseired,  imbedded  in  the  susteDtacular  substance 
of  the  part  These  ar©  not  mi  frequently  tinged  with  brown  pigment, 
and  vary  considerably  both  in  shape  and  in  the  number  of  their  pro- 
ce*se^.  They  are  «peeiaJly  nitmeroua  at  the  apex  of  the  anterior  cornu^ 
where  they  usually  fonn  several  dense  clusters  as  it  were»  Here  they  are 
separated  froTn  one  another  by  interposed  hroa«!  nerve  fibres*  Other 
8C4*tteTed  multipolar  cella^  however,  are  met  with  singly,  and  especially 
towards  the  surface  of  the  grey  substance.  In  the  most  internal  portions 
of  the  cord  also,  near  the  axis,  as  also  at  the  base  of  the  posterior  comu» 
we  find  them  still  presenting  precisely  the  same  essential  characteristics, 
though  decreased  in  size. 

The  numerous  processes  of  these  ganglion  corpuscles  spread  them- 
selves  out  in  all  directions,  and,  as  a  rule,  aro  soon  lost  to  view  by  dipping 
into  other  planes.  As  observed  by  DciU.r$^  whose  stntemeiits  we  here 
follow  in  regard  to  many  points,  the^e  processes  may  penetrate  ink»  the 
radiating  septa  of  cotiuective-tiasue  rnniimg  through  the  white  substance ; 
others,  also,  may  be  regularly  looped  around  bundles  of  nerve  fibre»  in 
certain  cases  (Clarke,  Deiters). 

These  groups  of  multipolar  ganglion  cells  have  been  very  commonly 
descrihed  as  connected  with  one  another  by  means  of  some  of  their  rami- 
Ecations,  and  great  stress  has  been  laid  upon  the  importance  of  the  latter 
as  commissures. '  It  cannot  be  denied,  however,  that  a  deplorable  misuse 
Has  been  made  of  this  supposed  existence  of  connecting  Bbres  (fig.  305,  p. 
314).  and  it  is  only  extremely  rai-ely  that  a  perfectly  unmistakable  view  can 
bo  obtained  of  them.  Thus,  in  the  works  of  many  authors  it  is  openly  con- 
fessed that,  with  all  their  efforts,  they  were  never  successful  in  obtaining  a 
sight  of  anything  of  the  kind  (Gollj  KoeUiker).  Otbei^  even  deny  the 
existence  of  ßueh  commissures  altogether  {Deiters).  Others,  again,  are 
able  tu  state  that  they  have  observed  them,  but  in  rare  instances  {Rt^is^ter)* 
Our  own  experienre  coincides  with  that  of  the  latter.  Even  Denn^  a  very 
sound  observer,  who  \^  notwithstanding,  somewhat  too  profuse  witi*  such 
commissural  processes,  only  speaks  of  them  as  exceptions, 

A  second  widely  received  axiom  in  the  anatomy  of  the  spinal  cord,  is 
that  other  processes  of  the  ganglion  cells  become  the  axis  cylinders  of  the 
nerve  fibres  of  the  anterior  roots.  Thia  also  is  asserted  on  many  sidee 
with  great  certainty  to  be  quite  easy  to  see,  whereas  it  is  a  matter  of  the 
greatest  diilculty  in  rieality  to  ob  tarn  even  one  clear  instance  of  it,  some 
obaervers  honestly  confessing  their  ill  fortune  in  this  respect  (GoU).  As 
It  rule,  under  favourable  conditions,  one  such  process  may  perhaps  be 
observed  uniting  with  one  of  the  motor  root-bundles  [Clarke ^  Dean^  Ger- 
lach, Frey). 

Defter«^  a  recent  and  very  thorough  investigator,  has  added  much  to 
onr  stock  of  knowledge  on  this  very  abstruse  subject  of  the  relations  of 
the  central  ganglion  cells.  We  have  already  referred  to  his  important 
and  repeatedly  confirmed  discovery  (§  1 79),  that  the  ramifications  of  the 
ganglionic  bodies  are  of  two  kinds  (fig.  558),  In  the  first  pdace,  wide 
branching  processes  of  protoplasm  (ft)  present  themselves^  and  then  for 
©very  cell  another  smooth  ui^divided  one  (a),  the  axis  cylinder  proceM* 
This  observer»  nevertheless,  states  that  only  in  exceptional  cases  was  he  able 
to  follow  up  the  latter  for  any  distance  in  a  section  of  the  spinal  cord. 

As  may  be  seen  in  our  plate,  there  also  spring  (usually  at  right  angles) 
from  the  broad  protoplasm  processes  of  the  cell,  a  number  of  other  very 
delicate  fibrilke.     These  Dditrs  regards  os  a  system  of  mmndarg  asms 
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etfUnders  for  the  most  delicate  norre  übfea,  aa  we  bave  ah^eadj  brieif  | 
stated  (p.  315).     Bat  probably  the  end  filamenta  of  all  these  tree-like 
pfooeas&s  eventually  aequii^e  the  same  conatitutioti. 

The  fact  that  both  species  of  processee,  namely,  the  bmncbed  proti»- 
plasra  and  the  axis  cy finder,  may  be  observed  to  be  marked  with  fine 
lines,  indicatiog  hbrillation  {SchuUze),  has  been  already  aJlndin!  to  (p. 
316,%  308). 

The  celb  also  situated  cloee  to  the  central  canal,  and  those  as  fju-  badlJ 


y 


Tit'  &^ — MolUpoliiir  irtngilDo  oeU»  fnnn  the  AQteior  earns  of  the  ^taal 
f  rotn  %he  TWuHying  prgtop]««!!  practfi- 

m  the  base  of  the  posterior  cornu^  present  the  same  remarkable  Btruetum  3 
recogni^jccl  by  Deiters,      The  destiny  of  these  "  protoplasm  proceiaei.* 
howttVf^r,  is  by  no  means  settled  as  yet     According  to  GerlarÄ  they  fir»l1 
break  up  into  a  delicate,  dense  network  of  nervous  nature,  from  which  1 
the  nerve  fibres  then  epring,  or  (if  we  prefer  the  converse)  into  which 
they  sink  alter  previoue  ramiftcatlon« 

Going  farther  backwards  still,  regularly  into  the  posterior  eomu  (fl 


557,  /),  we  encounter  Kmaller  cell«,  ia  many  cases  fusiform  and  of  delicate 
cotjsiötence.  In  them  also  one  process  becomes  an  ordioary,  tLougli  thin 
axis  cylinder,  beside  which  may  be  seen  again  ramifying  protoplasm  pm- 
oeesee  witb  lateral  derivation  of  the  ßner  asLis  cylinders  of  the  seeond 
order.  In  size  and  shape  these  cells  also  vary  considerably,  larger 
examples  resembling  in  a  great  measure  those  of  tlie  anterior  comu. 
These  corpuscles  of  the  posterior  comu  have  been  set  down  as  the  source 
of  the  fi]jres  of  the  sensitive  roots,  and  been  designated  as  sensory  elements, 
although  at  prcaont  we  are  possessed  of  no  rcaliy  complete  proof  of  the 
correctueas  of  this  view :  Gerlach  reckons  thera,  moreover,  among  the 
motor  ganglion  corpuscle«. 

At  the  base  of  the  posterior  cornu,  internally,  almost  tbrougbout  the 
whole  length  of  the  cord,  other  small  groups  of  ceJls  are  to  bo  seen  (the 
pillars  of  Chtrkc^  or  nuclei  of  SttUhuj^  accofding  to  Koeiliker),  The 
element«^  collected  here,  are  of  mediuox  size,  roand,  aüd  ramifying.  Very 
litUe  is  as  yet  known  aliout  them.  According  to  Gerlach,  further,  they 
are  not  possessed  of  an  axis  cy Under  process*  Their  ramtti cations  merely 
sink  into  the  dense  neural  network  ol  the  grey  substance. 

The  pri>per  ganglion  cells  of  the  posterior  cornu  possesa,  us  a  rule,  in 
the  opinio«  of  the  laat-namcd  observer^  proccfisea  only^  which  merge  into 
that  nervous  reticulum  just  spoken  of.  From  the  latter,  then,  the  sensory 
fibres  of  tbe  posterior  roots  arise. 

From  tdi  thü  ii  irould  apjmir  thai  Ute  mode  of  urigin  of  the  motor  and 
aenmnf  nerve  fihrm  in  eniireh/  different. 

The  delicate  neural  net- work  alkided  to  is  only  observed  to  he  absent 
in  tbe  immediate  neigb  hour  hood  of  the  axial  cnual,  and  in  the  Btihsiantia 
tittatinQsa  of  Roland,  It  may  be  easily  distinguished  from  the  elastic 
reticulum  of  the  neuroglia  by  certain  reactions  neeording  to  G^lmdu 

I  294. 

Turning  now  to  the  posterittr  rootft  of  the  cord  (Ä),  we  Jind  far  greater 
complication  tban  among  the  motor  briTidles  of  the  spinal  nerves.  Our 
knowledge,  therefore,  of  the  nature  of  their  arrangement  is  necessarily 
more  seanty  than  of  the  latter.  The  remarkable  diminution,  besides,  in 
diameter  which  the  sensitive  nerve  fibres  undergo  on  entering  tbe  grey 
matter,  renders  the  tracing  of  them  very  difficult 

It  is  stated  by  some  {KoelUker)  that  the  external  portion  of  the  pos- 
terior root-bundles  pas.ses  directly  through  the  posterior  column  into  the 
grey  substance.  Another,  and  moreover  larger  part  is  said,  on  the  other 
hand,  to  pursue  a  rather  devious  curving  course  through  the  hinder 
column,  bending  round  subsequently  in  order  to  pierce  from  the  side  the 
convex  border  of  the  posterior  cornu,  which  is  turned  towards  the  middle 
line.  From  this  the  fasciculi  advance  towards  the  anterior  comu,  passing 
partly  into  the  anterior  commissure,  and  partly  in  among  the  posterior 
group  of  motor  ganglion  cells ;  or,  again,  penetrating  at  tint  es  as  far  as  the 
anterior  portion  of  the  lateral  column,  where  they  arc  loat*  The  first-men- 
tioned bundles  are  m\*X  to  pass  forwards,  partly  as  separate  longitudinal  fasci- 
culi, tending  at  the  same  time  with  radiation  towards  the  centre,  in  order  to 
arrive  at  the  pillars  of  (J/arA*e,as  they  are  called,  without  becoming  connected 
with  cells.     (Sume  of  them  reach  the  anterior  comu  a  and  commissure. 

Commenting  on  these  statements,  Deiters  showed  later  that  it  is 
always  the  greater  part  of  the  posterior  root  which  takes  this  curved 
conisa  through  the  posterior  column,  and  enters  the  cornu  from  it,     Here 
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we  see  the  ätibataniki  gdaihwm  of  Holtmd  tra verted  in  its  wliole  circmn- 
feT€nce  l>y  sepamte  fasciculi  of  very  delicate  fibres,  which  Rflvaiifie  latef 
into  the  base  of  the  posterior  cornu  in  part,  or,  taking  aar^tber  liirection, 
enter  the  pillars  of  Clarke.  Other  baniis  of  tibrea  nmy  be  observed  tg 
pa^  forwards  through  tb*3  latter,  diaappcaring  eventu^y  in  tlie  grey 
matter  beyond.  Others,  again,  are  said  to  enter  the  posterior  commifir 
sure,  and  many,  probably,  the  grey  matter  of  the  anterior, 

So  far,  then,  it  appears  at  least  possible,  that  all  the  libres  of  lb 
posterior  root  penetrate  into  the  grey  matter.  And  in  that  they  hen 
probably  pass  between  sensory  ganglion  eorpnaeles,  we  might  expect  a 
(direct  or  indirect)  connection  with  the  latter.  An  imraeclifil«  turning  in 
of  a  portion  of  the  posterior  root  into  tlis  posterior  column  in  order  Ui 
pnrsue  a  course  towards  the  brain  (**  sensory  äbrös"  of  Scltroiicr  van  der 
Kolk)  appears  for  many  reasons  very  nnlikely. 

According  to  Deiters  the  three  white  columns — maiiily  eompoaed  of 
the  conducting  portions  of  the  cwrd — may  be  regarded  as  springing  from 
the  grey  matter,  and  the  system  of  the  ganglion  cella  tm  interpolated 
between  them  and  the  roots  of  the  spinal  nen^ea. 

Accepting  this  as  correct,  the  ganglionic  cell  system  would  appear  to 
possess  the  signilicance  of  a  provisional  cejitral  point»  from  which  the 
neural  tract,  altered  in  direction,  and  in  all  likelihood  simplitied,  take« 
its  course  onward  to  the  cerebrum.  It  mnst^  however^  be  designated  as  a 
mere  point  of  histological  dogma  if  all  the  librea  of  the  roots  be  stated  t<p 
have  such  a  connection  with  ganglionic  corpiisclea.  Whether  the  vury 
fine  protoplasm  proceaaes  of  the  latter,  discovered  by  Deiter»^  are  conimi:!- 
9 urea  between  the  ganglionic  cells ;  whether  after  further  isolation,  and 
increase  in  bread th»  they  become  the  axis  cylinders  of  the  nerves  of  \h^ 
white  columns  \  whether  for  the  formation  of  one  of  the  latter  aiial 
structures,  several  of  these  very  delicate  fibrillse  first  combine,  or  whether, 
as  Geriack  maintains,  the  latter  form  a  network  of  filamenta  of  the  most 
extreme  tenuity, — are  all  questions  to  which  science  is  unable  at  present  to 
give  satisfactory  answers.  The  same  want  of  facts  is  felt  in  regard  to  tlio 
existence  of  a  connection  between  motor  and  sensitive  cells. 

rt  is  generally  supposed  that  the  anterior  columns  serve  as  condnctofs  \m^^ 
tween  the  motor  nerves  and  the  brain,  and  the  posterior  between  the  latt 
and  the  sensory  nerves,  while  the  lateral  cords  partake  of  the  nature  of  both* 

We  sliall  now  conclude  tliia  extremely  t  moat  is  factory  description  with 
a  brief  mention  of  the  two  trnri^versB  commiämirm  of  the  apinal  cord. 

If  we  examine  the  most  anterior  of  these  bands  (/)  cloj^cly,  we  sliall 
soon  convince  ourselves  that  a  nujuber  of  genuine  nerve  Übrcä  exist  in  it, 
enclosed  in  sustentacular  connective- tissue,  and  intersecting  each  other  at 
Various  angles.  In  the  medulla  spinalis  of  the  calf  and  ox,  in  which  thij 
reiationö  of  parts  may  be  very  clearly  seen  {Deilers)^  the  transverse  inter-  ^ 
secting  bundlea  advance  even  into  the  white  snbstancu  of  the  ant«r 
column.  They  arise  in  the  grey  matter  on  one  side,  and  after  descending:^ 
and  o^ain  ascending  to  a  certain  extent  in  their  cour^e^  arrive  in  Urn 
fibrous  substance  of  the  anterior  column  on  the  opposite  aid&  No  con- 
nection with  ganglion  cells  can  bo  demonstrated  with  certainty,  Afany 
have  argued  from  this  a  total  dt^cussation  of  the  motor  nervous  tracts  iu 
the  spinal  cord ;  but,  perhapsj,  without  suificient  grounds.  At  certain 
point^ü,  also,  in  tlie  grey  portion  of  the  anterior  commiaaiire,  fin©  nerve  fibra*^ 
may  be  observed  to  paas  across  from  one  side  of  the  conl  to  the  other. 

in  the  posterior  commissure  (fi)^  likewise,  we  have  a  conuectivö^lui 
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ftamework,  intersected  by  a  namber  of  nervous  bands,  of  great  fineness 
however.  The  latter,  it  is  stated  by  some,  may  be  seen  to  be  connected 
in  part  with  the  lateral  columns,  in  part  with  the  posterior  or  sensitive 
nerve  roots,  and  in  part  to  be  lost  in  the  grey  substance  at  the  junction  of 
the  anterior  and  posterior  cornua. 

§295. 

We  come  now  to  the  consideration  of  the  medulla  ohlongata^  whose 
complicated  structure  involves  us  in  far  greater  difficulty  even  than  that 
of  the  medulla  spinalis.  The  earlier  investigations  of  Stilling^  Sc/nvder 
van  der  Kolk,  Koelliker,  Lenhossekf  Clarke,  and  Dean,  all  led  to  different 
conclusions.  But  considerable  light  has  since  been  thrown  upon  the 
subject  by  Deitet^s  observations,  and  later  still  by  Meinert's  studies. 

In  order  to  recall  to  the  mind  of  the  reader  the  rough  anatomy  of  the 
medulla  oblongata,  it  may  be  remarked,  in  the  first  place,  that  this  con- 
necting link  between  cord  and  cerebrum  has  one  of  its  numerous  pecu- 
liarities impressed  upon  it  through  the  central  canal.  The  latter,  namely, 
opens  out  gradually  into  the  sinus  rJiomboideus  or  calamus  scriptorius,  and 
is  continued  as  the  fourth  ventricle  upwards.  From  this  alone  it  is  evident 
that  a  most  essential  change  in  position  of  the  various  columns  and  collec- 
tions of  grey  substance  must  take  place ;  parts  situated  close  to  the  central 
canal,  at  a  lower  point  on  the  cord,  must  now  be  displaced  laterally. 

But  while  this  spreading  out  takes  place  on  the  dorsal  aspect  of  the 
cord,  the  anterior  fissure  begins  to  close  in  to  form  the  raphe  (fig.  559,  r). 

Besides  these  changes 
we  now  remark  a  num- 
ber of  different  parts 
visibly  distinct  from  one 
another  even  externally, 
and  known  by  special 
names.  At  either  side 
of  the  anterior  median 
line  the  pyramids,  with 
their  remarkable  decus- 
sation, are  first  seen. 
Then  external  to  them, 
and  bounded  on  both 
edges  by  ascending 
fibres,  the  (inferior)  oli- 
vary bodies  appear.  Ad- 
joining these  we  next 
obeerve  the  so-called  la- 
teral columns  {funiculi 
laterales),  and  behind 
them  (later  on  quite  ex- 
ternal) the  corpus  resti- 
forme  of  each  side,  or 
funiculus  cuneatus,  with 
the  /.  gracilis  in  the  cervical  portion  of  the  cord, — a  prolongation  of  the 
band  of  Ooll 

The  medulla  oblongata  is  covered  above  and  anteriorly  by  the  pons 
Varolii,  and  at  either  side  may  be  seen  to  be  connected  with  the  cerebellum 
by  means  of  thick  cords  known  as  the  crura  cerebelfi.     These  may  be 
38 


Fig.  569.— ^TTAnsreree  lectlon  of  the  medulla  oblongata   (after 
Detm},    R,  raphe;  0,  oliTary  bodies ;  H,  hypogloMoi;  and  V 
ramia;  r,  po^erfor  oomv;  a,  arched  fibres;  12,  hTpOfflowoa 
and  10,  Tagua  nenret. 
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divided  ifito  two  portions,  namely,  tlie  crura  cerahflU  ad  meduitam  üUmga- 
tum  and  adponhfTL  The  pedunculi  cerebrii  connect  it  with  the  cercbium. 
Finally»  utiajeroua  nervoua  trunk»  spring  from  the  modutla  oblongata, 

Tuniitig  now  from  thia  mere  outline  skct*ih  to  the  stmotur©  as  »een  with 
low  magnifying  powen,  the  full  peculiarity  of  the  mtjdulla  obloi^ta  iooa 
j^trikes  us. 

The  Cftjitua  of  the  c&ntral  grey  masa,  as  found  in  the  tnedalla  gpinaltif 
beeome  rapidly  changed  here,  the  altermtiou  of  shape  commencing  at  the 
point  of  junction  of  anterior  und  posterior  cornn,  and  Äpreading 
thence  further  and  further.  Instead,  namely,  of  the  contitiuoua  gr^y  i 
tttanoo  of  another  part  of  the  cord,  the  cineritioua  matter  here  aasu 
the  appearance  of  a  series  of  bands  or  network,  through  which  ne 
fibres  take  their  course  {for  mat  to  rtticulariti). 

This  metÄmorphosis  then  gradually  exUmds,  affecting  eventn^y  the 
white  columns  aUo  almost  throughout  the  wbolts  medulla  oblongata. 

Here  and  there,  however,  masses  of  grey  matter  still  remain  undii^ 
tnrhed,  which  are  known  m  i]m  nuclei  of  the  medulla  oblongatÄ;  then 
give  rise  to  further  peculiaritiea 

Such  nuclei  are  of  two  kinds.     Frtim  ou*?  set  of  them   the  ner 
Hpringing  from  the  medulla  oblongata  seem  to  take  their  rim  primarilj 
these  are  the  nerm  nuclei  of  Stilling.     A  large  number  of  them  may 
recognised,  as  we  shall  pee  lati^r  on.     They  have  nothing  absolutely  ne 
in  them  as  compared  with  the  öpinal  cord,  and  are  equivalent  to  ih<» 
sources  of  origin  of  the  spinal  nerves. 

But  in  addition  to  these,  wo  meet  with  collections  of  ganglionic  matter 
presenting  other  characters.  These  have  nothing  to  do  with  the  origin  of 
peripheral  nervous  tracts  -  they  seem  mther  to  be  the  points  at  which  the 
hbres  and  cords  of  the  medulla  oblongata  end  provisionally,  pn^Tioiis  to 
their  becoming  changed  both  as  to  number  of  Hbros  and  direction,  and 
making  their  way  into  the  brain. 

Among  these  specific  nuclei^  as  we  shall  call  them  fof  ehortness*  nke, 
may  be  numbered,  in  the  first  place,  the  inferior  oHvi^s  (o/ttvir^  bijdie^^  in 
a  word}^  with  the  acce^taari/  olives;  then  the  superior  oiivesj  formerly 
erroneously  held  to  be  an  upper  nucleus  for  the  trigeminus  by  Stilling^  and 
a  grey  nucleus  of  considerable  eise  imbedded  in  the  lateral  column,  and 
named  by  SchuUze  the  nudeus  of  Deiiers;  then,  again,  the  pyramid  nticlei 
and  totalled  gaiiglia  post-pyramidcdia  of  Clarke^  situated  in  the  posterior 
columns  ;  and  further,  the  special  grci/  masses  of  the  pom  Varolii^  Taking 
a  it  ill  wider  view  with  Deiters^  we  may  include  here  the  c&rpus  dent^um 
cerebdlit  the  grey  coHectionk  in  the  interior  of  the  crura  oene^el/t,  as  well 
as  those  constituting  the  greater  part  of  the  corpora  quadrigemina. 

The  buiidles  of  white  fibres,  then,  ascending  from  the  medulla  spinal  is, 
although  they  may  be  found  again  in  the  medulla  oblongata,  preeerife  no 
longer  their  original  uniformity  of  dirr^ction,  but  pursue,  in  many  oadet,  a 
totally  different  course» 

Besides  the  latter  fasciculi,  there  appears  in  the  medulla  oblotig&t« 
another  very  peculiar  and  complicated  system  of  nerve  tubes, — that  of  the 
irafumerse,  arched^  and  circular  fibres  (a,  a).  This  was  named,  many 
years  ago,  the  soTial  by  Arnold.  In  the  raphe  a  very  complex  group  of 
these  intersecting  libres  ex.isU,  but  grey  matter  presents  itself  here  alao. 

If,  in  addition  to  all  this,  we  remember  the  root  fibrcs  of  the  afferent 
and  efferent  nerve%  we  cannot  but  be  struck  with  the  truly  labyrinthine 
complexity  of  the  medulla  oblongata. 
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§296. 

Let  us  now  endeayour,  as  far  as  the  scope  of  our  manual  will  permit,  to 
clear  up  some  of  the  difficulties  connected  with  this  most  complicated 
arrangement  of  parts  in  the  medulla  oblongata. 

And  first,  as  regards  the  grey  substance. 

In  the  upper  portions  of  the  spinal  cord  we  may  remark,  in  transverse 
sections,  that  at  the  external  angle  of  contact  of  the  two  comua,  at  one 
particular  spot,  the  grey  matter  is  prolonged  outwards  into  a  pointed 
process.  This  has  been  named  by  Jacuhowitsch  the  lateral  accessary 
eomtif  and  by  Clarke  and  Dean  the  tractus  intermedio -lateralis.  It 
attains,  in  its  passage  into  the  medulla  oblongata,  a  higher  degree  of 
development,  and  assumes,  at  the  same  time,  a  decidedly  rctiform  appear- 
ance, bands  of  fibres  from  the  lateral  columns  occupying  its  meshes.  We 
shall  see  later  on  what  great  importance  this  lateral  region  of  the  medulla 
oblongata  possesses,  being,  as  it  is,  the  origin  of  a  special  system  of  nerves 
commencing  with  the  spinal  accessory. 

This  is  the  beginning  of  the  forrnatio  reticularis. 

Advancing  further  through  the  medulla  oblongata  towards  the  brain, 
we  find  this  reticulated  and  banded  mass  encroaching  mo^e  and  more 
upon  the  anterior  and  base  of  the  posterior  comu.  This  change  gradually 
advances  so  far  that  the  whole  of  the  upper  portion  of  the  medulla  may 
be  regarded  as  a  meshwork  of  grey  matter,  traversed  by  bundles  of  white 
nerve  fibrea  The  grey  substance  is,  in  fact,  spread  out  almost  to  the 
periphery,  and  is  connected  with  the  grey  nuclei  situated  there.  From 
the  fact,  however,  that  the  most  internal  portions  of  grey  matter,  i.e., 
those  originally  surrounding  the  axis  canal,  remain  for  the  most  part 
unchanged,  they  may  present  an  appearance  liable  to  deceive,  namely,  as 
though  they  alone  were  the  prolongations  of  the  comua  of  the  spinal  cord. 

That  in  this  very  extensive  handwork  of  grey  matter,  as  well  as  in  the 
nuclei,  we  should  encounter  ganglion  ceUs  of  the  greatest  variety  of  form, 
and  in  certain  cases  of  remarkable  size,  with  primary  and  secondary  axis 
cylinders,  will  excite  no  wonder.  And  that  the  tracts  of  this  grey  reti- 
culum should  also  give  origin  to  part  of  the  cranial  nerves  might  likewise 
be  expected. 

The  reader  will  also  understand  very  easily,  from  the  foregoing  descrip- 
tion, that  the  posterior  comu  suffers  the  most  displacement  from  the 
opening  out  of  the  central  canal,  and  that  it  must  now  lie  much  more  to 
the  side  than  formerly. 

We  have  already  mentioned,  in  the  preceding  section,  the  separation  of 
the  posterior  band  of  Gollj  and  its  transformation  into  the  funiculus  gracilis. 

In  it  likewise,  and  about  it,  the  grey  reticulated  mass  becomes  more  and 
more  expanded,  pressing  down  the  remainder  of  the  posterior  column.  Thus 
the  fourth  ventricle  obtains  a  lining  of  grey  matter  almost  over  its  entire 
fltfor.  The  sustentacular  substance,  also  formed  more  exclusively  of  connec- 
tive-tissue, which  surrounded  the  central  canal,  experiences  here  a  great 
increase  in  quantity  likewise,  and  play.««,  later  on,  an  important  part  in  the 
fromation  of  the  aquoednctus  Silvii,  the  third  ventricle,  and  infundihvlum. 

Leaving  for  the  present  the  grey  matter  of  the  medulla  oblongata,  let 
us  now  take  a  preliminary  survey  of  another  very  important  series  of 
parts,  let  us  inquire  into  the  origin  of  the  ten  cranial  nerves. 

A  most  important  discovery  was  made  in  regard  to  these  by  Deiters. 
Besides  the  two  modes  of  origin,  corresponding  to  the  anterior  and  pos- 
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terior  roots  of  the  spinal  netres,  the  metitUla  oblongata  was  fouiaii  liy  lnim 
to  possess  an  additional  et  no,  namely,  fnjm  a  third  lateral  tract.  Thi« 
commenoes  bo  low  dovrn  as  tbe  uppt^r  part  of  the  Bpina!  cord  (with  tht^ 
fariher  development  of  the  &o-oaU#d  lateral  accessory  cornu)  as  a  nonow, 
separate,  nervona  bundle. 

To  theae  three  systems  of  roots  all  tb©  aervi^  of  the  medulla  obloBgitA 
nmy  ho  referred. 

{a.)  From  the  lateral  system  seTeral  nerves  spring.  The  first  of  these  ii 
ihti  uecessorms^  which  is  soon  followed  by  the  vaffm^i^d  fflo^jpharfp}(fmi». 
This  plaee  of  origin  of  the  lateral  system  is  originally  nothing  but  a 
»pecial  division  of  the  anterior  cornu  for  the  accessory  nerve.  To  t\m 
there  is  soon  added  a  portion  of  the  posterior  sensitive  cornu  (which  mny 
be  followed  Up  as  far  as  the  pons),  so  that  the  nerves  sprbiging  from  thiü 
lateral  part  may  be  iif  mixed  nature. 

The  faeialM  and  amttiticus  also»  as  well  as  the  anterior  root  of  the 
trtgemimtitj  take  their  origin  likewise  fn^m  this  lateral  tract  of  the 
etneritioUB  substance.  This  surprising  relation,  however,  is  explliti«4 
by  the  fLtet,  thüt  each  of  them  again  splits  up  into  a  sensitiv d  pcrtion 
(aantticttjf),  and  a  motor  (anterior  root  of  trigeminng  and /aeui/t#). 

(b,)  The  feensitivB  portion  of  the  trigeminus,  on  the  other  ban«!,  U 
derived  from  the  posterior  root  system.  The  fibres  of  the  latter  are  like* 
wise  collected,  from  the  first  spinal  nerves  on,  into  longitudimU  ttacls, 
which  do  notf  however,  le^ve  the  medulla  oblongata  as  separate  «ensitive 
bundles,  a*^  in  the  cord,  but  unite  to  form  this  root. 

(ü.)  Besides  the  hifpoijlmmAS^  the  abdumm^  trochlmrUi  and  oculomo- 
ioiins^  all  correspond  to  the  anterior  spinal  roots. 

As  to  the  nuclei^  already  mentioned,  of  the  numerous  nerves  arislni^ 
here»  those  of  the  hypogloesus  and  accessory  tiiBt  appear  most  inferiorly, 
appertaining  to  the  deepest  portion  of  the  anterior  cornu»  and  situate  in 
the  neighbourhood  of  the  central  cnntd.  These  are  coUections  of  molti- 
]K>lar  motor  ganglion  cells  in  the  cineritiuus  substance,  wbich^  as  has  been 
atxaady  mentioned,  is  split  up  here  and  reticulated-  Then  there  i 
their  appearance  successively  on  the  llijor  of  the  fourth  ventrlck 
around  the  atineduct  of  Sthim^  similar  spots  for  the  PO^iJt^  gkm^opftaryn 
g€U8,  fjbdueefiSf  troi'hlearis^  and  uailvmottfruis. 

Let  us  turn  again,  for  a  few  nioments,  to  the  nucleus  for  the  hypo- 
glosivua,  Ita  large  multipolar  ganglion  cells  present,  like  those  of  the 
anterior  cornu  of  the  grey  matter  of  the  spinal  cord,  protoplasm  rjfnifications 
and  au  axis  cylinder  process,  which  probably  beeomes  eventually  a  HbrtJ 
of  the  hypoglossus  {Gtrkich),  1 1  wa^  at  one  time  generaLly  sup[Kised  that 
a  complete  decussation  of  the  hypoglossal  fibres  toi>k  place  here,  Thia 
18^  however,  more  probably  only  partiiil  (Clarke,  Dean,  Deiter»),  The 
arrangemant,  ta  found  by  Gerlachr  ijs  as  follows : — ^In  the  fit^t  plaee,  a  mi 
of  delicate  fibres,  lying  posteriorly,  passes  across  ttom  one  hypogh>sfiiil 
nucleus  to  the  oth^r,  and  may  he  legarded  as  commissural  between  the 
nuclei  themselves*  Other  fasiculi,  again,  lying  more  anteriorly  at  Ibe 
bottom  of  the  laphe,  and  of  greater  diameter,  decussate,  as  proper  toote  of 
the  hypoglossal  nerves,  with  the  fibres  of  the  opposite  side,  pursuing  their 
eouTse  in  the  trunk  of  the  side  opposite  to  that  on  which  tbey  took  ofigUL 

The  external  portion  of  the  posterior  cornu  likewise  remains  alitioet 
unchanged  in  its  grey  substance«  and  the  connection  between  it  and  tfaa 
motor  nucleus  of  the  middle  line  is  stiU  continuous  and  dilTuse.  It  givea 
origin  to  the  sensitim  irigeiaiun»  root  and  the  accn^Hcmf  which  doea  not, 
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as  was  formerly  supposed,  spring  from  a  collection  of  large  cells  in  the 
crura  cerehelli  ad  medullam  oblongatamy  but  rather  from  small  cells  of  the 
posterior  coma  and  of  the  raphe  (Deiters),  It  likewise  gives  origin  to 
the  sensitive  portion  of  the  vagus  and  glossopharyngeus» 

Finally,  there  still  remain  in  the  reticulated  grey  substance  some 
lemote  unbroken  masses.  Towards  these  the  motor  portion  of  the  trige- 
minus advances,  a  part  of  whose  root  constitutes  what  is  known  as  tiie 
"  sounding-rod  "  (Klangstab)  of  Bergmann,  {Stilling ^  Lenhossek,  Deiters,) 
Further,  the /oooZ  nerve  arises  in  this  neighbourhood.  Upon  it  a  sudden 
bend  was  discovered  by  Deiters  at  a  spot  corresponding  to  the  emminentia 
teres  in  the  fourth  ventricle.  This  observer  does  not  regard  the  nucleus 
of  the  last-named  nerve  as  situated  near  the  abducens,  as  his  predecessors 
believed  it  to  be  (StiUingj  Clarkey  Dean),  but  rather  in  the  vicinity  of 
the  motor  nucleus  of  the  trigeminus.  Finally,  the  motor  portion  of  the 
vagus,  discovered  by  Deiters,  takes  its  origin  here  also. 

§297. 

Turning  now  to  the  question  :  What  becomes  of  the  continuation  of 
the  three  columns  of  the  spinal  cord  on  arrival  at  the  medulla  oblongata  t 
the  first  point  that  appears  quite  evident  is  that  a  prolongation  of  all  the 
nerve  fibres  of  the  whole  cord  into  the  latter  cannot  take  place.  We 
have  to  do  here  rather  with  a  continuation  of  the  fibres  in  question  under 
a  simplified  form,  and  in  reduced  number, — a  modification  which  is  most 
probably  effected  through  the  interposition  of  ganglion  cells  in  a  manner 
similar  to  that  found  in  the  spinal  cord. 

The  decussating  portions  of  the  pyramids  were  formerly  supposed  by 
Sehröder  van  der  Kolk  to  be  derived  from  the  anterior  columns,  but 
erroneously,  for  the  latter  particularly,  preserve  for  a  considerable  distance 
into  the  medulla  their  original  straight  course  and  shape.  It  is  true, 
that  in  the  lower  portion  of  the  latter  they  become  displaced  by  the 
extrusion  of  the  decussating  fibres  of  the  pyramid;  but  when  these  cease 
to  pass  across,  they  assume  again  their  old  position,  and  continue  their 
coarse  augmented  by  fibres  of  the  hypoglossus,  and  probably  also  of  the 
vagas,  as  longitudinal  cords  lying  at  either  side  of  the  raphe,  and  extend- 
ing far  under  the  pons. 

But  the  anterior  column  becomes  considerably  modified  during  this 
coarse.  In  the  first  place,  it  is  traversed  by  circular  fibres  springing  for 
the  most  part  from  the  posterior  columns.  Again  the  grey  substance 
commences  even  very  early  to  make  inroads  into  it.  It  is  characterised 
here,  as  in  the  spinal  cord,  by  the  great  breadth  of  its  nerve  fibres. 

Beneath  the  pofis  Varolii,  however,  fine  and  also  very  delicate  fibres 
begin  to  take  the  place  of  the  latter.  Here  we  observe  an  interpolation 
of  ganglion  cells  in  the  usual  way,  so  that  the  apparent  continuation  of 
the  anterior  column  under  the  pons  is  in  reality  a  second  system  of  fila- 
ments springing  from  these,  and  passing  into  the  cerebrum,  and  partly 
also  into  the  cerebellum. 

The  lateral  columns,  which  have  likewise,  though  incorrectly,  l)een 
described  as  the  source  from  whence  the  decussating  fibres  of  the  pyramids 
spring  (Koelliker,  Lenhossek)  form  the  funiculus  lateralis  of  the  medulla 
oblongata,  and  extend,  at  least  in  part,  probably  as  far  as  the  cerebrum. 
They,  too,  are  affected  by  the  general  complication  of  the  medulla  oblongata. 

The  reader  has  not  yet  forgotten  \\\^foTmatio  reticularis  appearing  in 
the  angle  of  junction  of  the  two  comua  of  grey  matter.     A  part  of  this  is 
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regarded  by  Deiters  a 3  derived  from  a  cbange  in  tho  IdU^rul  coltimu,  tliat 
is  to  Bay,  some  of  the  fibres  of  the  latter  terminate  pro  visionall  j  in  tbts 
colls  üf  thii  formatioE, — The  fibres  passing  off  from  these  ganglionic 
bodies  centripetally  we  eball  meet  again  in  dealing  with  the  forftiatioa  of 
the  pyramids. — ^Th©  remainini:  jiortion.  of  the  lateral  column  advances 
now  unchanged  for  a  certain  distance  towards  the  brain.  It  begins,  hoir- 
everj  very  soon  to  bo  encroached  upon  by  the  reticulated  tineritioua  nw« 
already  ailuded  to ;  besides  wbiüh,  a  special  nucleus,  named  after  Ddtm^ 
ia  developed  in  the  lateral  column  as  mentioned  before,  containing  aoine* 
what  small  ganglion  celk  Like  the  other  io-called  specific  nuclei  of  tlift 
medulla  oblongata,  this  may  be  regarded  as  a  central  point  for  arrival  of 
one  and  departure  of  another  systeni  of  fibres  on  its  way  to  the  brain. 
Tha  first  of  these  belongs  to  the  lateral  column,  while  the  latter  forms  a 
Äonal  system  of  fibres^  the  atraium  zonule  Amddi^  which  pursues  its 
course  into  the  cerebellum.  Whether  other  efferent  fibres  preserve  the 
original  direction  of  the  latetal  column  towards  the  cerebrum  i»  sttll  an 
undecided  question. 

Other  colJections  of  ganglionic  substance  in  the  neighbourhood  of 
the  lateral  culumns,  are  the  inferior  olivary  bodies,  which  also  receive,  in 
all  prohabtUty,  sonie  circular  fibres  from  the^e.  Again  wo  meet  witii 
cineritious  substance  in  t!ie  accessory  olive,  and  at  the  point  of  departara 
of  the  ent»  cerebelli  ad  medulla m ;  also  in  the  superior  olivaiy  boditjs. 
The  latter  appear^  moreover^  to  hä  fed  by  tibrei  coming  from  the  lateral 
column,  and  to  give  off  a  zonal  system  of  fibres  which  (lj"ing  in  the  lower 
mammals  anterior  to,  and  in  man  witbin  the  pons)  is  known  aa  the  mrpua 
trapezokles. 

As  regards  the  posterior  miumnSt  they  were  for  a  long  time  snppo^iHl^ 
and  again  incorrectly,  to  pass  directly  into  the  cerebellum  as  the  erura  c&tb- 
helU  ad  meduUam.  The  direction  of  both  these  sets  of  fibres,  it  is  true,  is 
the  same,  and  this  explains  the  mistake;  but  the  fibres  of  the  posterior 
tsolumns  are  iu  their  farther  course  replaced  by  quite  a  different  species. 

From  the  posterior  column  of  the  spinal  cord,  as  we  have  alreaily  seen^ 
its  internal  portion  becomes  distinct  as  the  band  of  Q€*ll,  which  then  forms 
the  fiinimltis  tjratilis  of  the  medulla,  while  its  remaining  portion  is  known 
as  the  funiculus  cunetxtuM  in  its  further  course* 

Both  these  bands  become  mixed  internally  with  grey  matter  {ganglia 
poäipifrmnidalia  of  Clarkf*)^  and  increase  consequently  in  siae  to  a  con- 
siderablti  extent  Here  also  the  white  substance  of  the  posteriot*  column, 
consiiting  of  fine  nerve  tubes,  diminishes  in  a  corresponding  degree  more 
and  more^  coming  to  an  end  provisionally  in  the  grey  matter  juat  mentioned, 
as  well  as  in  the  aHjacent  parts  of  the  posterior  comu.  From  this  it 
again  starts  in  the  form  of  a  system  of  circular  fibres.  Thus  it  may  be  said 
that  the  posterior  coluniu  disappears  entirely  as  regards  its  original  position. 

The  fibrt-'s  arising  from  it  secondarily  appear  destined  to  augment  in 
j>art  the  pyramids  (see  below )»  but  also  to  enter  partly  and  gradually  intfi 
the  formation  of  tlie  crura  ad  medidlam  (seemingly  a  direct  continuation 
of  the  posterior  columns).  Again,  some  of  them  penetrate  into  the  oliviiry 
bodies,  decussating  to  arrive  at  the  opposite  side,  none  parsing  strLUL;lii 
into  the  olive  of  their  own  half.  Tliese  fibres  tbns  constitute  the  chiet 
source  of  supply  to  these  specific  nuclei  of  the  medulla  oblongata. 

The  pyramids t  remarkable  for  Jthe  fineness  of  tbeir  nervous  tubas,  are, 
according  to  Deiier^^  no  direct  continuation  of  the  white  eortls;  thc*y 
represent  rather  one  of  those  numerous  secondary  systems  of  fibre«  which 
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apring  from  the  eel  Is  of  the  formatio  reticnkrijj  wHcli  receives  fibres 
Loth  from  the  lateral  and  posterior  corda.  This  explains  the  increase  in 
Volume  also  supervening  upon  the  formation  of  the  pyramids.  After 
Iheir  decussation  the  ktter  advance  into  tbe  brain  through  the  crura  cerebri» 
Btrengthened  by  ailditionai  bundlea  of  fibres,  but  augmented  no  farther 
by  prey  matter.  Here  they  are  said  to  Teach  as  far  as  the  cor^mra  striata, 
nuclei  dimfati,  and  even  the  cortical  portion  of  tlie  hem i spheres. 

The  olivary  Imiied  (i.e.,  inferior)  arc,  aa  h  weU  known,  very  charactet- 
istic  organs  of  the  medulla  oblongata,  Xheir  grey  lubstance  forrai  in 
man  a  peculiar  corrugated  capsule,  the  corpus  dmhiium  olwrn^  which 
encloses  a  whita  nucleus  on  all  sidus  except  internally.  In  the  spongy 
sustentacular  tissue  of  this  cineritious  substance  we  lind,  according  to 
Clarke  and  Dean,  small  yidlowish  cells  from  0*0156  to  0*0189  mm.  in 
diameter  with  rounded  body,  and  the  so  often  mentioned  two  species 
of  processes.  Between  these  small  bundles  of  the  most  delicate  nerve- 
filament«  take  their  course. 

It  has  been  supposed  by  niany  that  there  exists  some  rolationahip 
between  the  olivary  bodies  and  the  hypoglossal  nerves — that  they  are  in 
some  way  "auxiliary  or^^ans"  for  the  latter;  but  this  is  not  tbe  ease,  Jt 
is  true  that  the  roots  of  these  motor  nerves,  so  remarkable  for  the  size  ol 
their  fibre.««,  pass  by  the  organs  in  queatioUj  a  few  even  through  them  in 
part,  but  no  connection  with  their  elements  takes  place, 

Dettem^  researchei»,  which  we  here  quote,  have  led  him  to  the  condusion 
that  those  very  delicate  fibres  received  into  the  olivary  bodies,  to  termi- 
nate proviaimially  in  their  cells,  are  derived,  as  baa  been  already  men- 
tioneit,  in  each  case  from  the  posterior  columns,  each  olive  obtaining,  bow- 
ever,  tibreA  from  both  sides  of  tlio  cord.  A  new  system  of  fibres  then 
springs  from  thpse  cell,*^,  which  passes  partly  into  the  brain*  partly  into  the 
cerebellum.  Thus  wo  see  that  the  olivary  bodie«  abo  belong  to  thosf* 
interpolations  in  the  very  complicated  chain  of  the  central  organs^  and  art^ 
related  both  to  the  cerebellum  and  pon.«L  Besides,  they  are  traveled  In' 
numerous  fibres  of  the  circular  and  transverse  systems.  Further,  they 
are  embraced  round  their  external  border  by  a  i^et  "f  zonal  fibres  springing 
from  the  posterior  columns.  At  the  sumniit  of  the  olivary  boflies  pofit*^ 
riorly,  the  so  called  accessory  olivan/  micfci  of  tSti/lmfj  present  theniseJves, 
having  a  similar  texture  to  the  former,  while  higher  still,  above  the  abdn- 
cens  and  fac^alis^,  and  external  to  the  first  of  these  nerves,  another  body 
of  similar  structure  is  to  be  found  on  each  aide,  kno^vn  as  tbe  superior 
olive;  this  is  not  abeent  in  man,  but  is  buried  iu  the  pons.  It  hkewia** 
poeaesses  a  zonal  system  of  fibres.  It  was  formerly  supposed  to  be  con- 
nected with  the  facial  or  acoustic  nerves  of  its  own  side- 
Let  us  now  turn  our  attention  for  a  moment  to  the  crura  or  connecting 
bands  of  the  mednlla  oblongata. 

The  crura  cerebeUi  ad  m^dullam  oUmigaiam  are,  without  doubt,  in  part 
processes  of  the  latter  continued  into  the  little  brain.  Their  fibres  consist 
for  the  most  part  of  prolongations  to  tbe  stratum  zonule  q^  Anadd^  spring- 
ing, in  the  first  place,  from  tbe  olivary  bodies^  and  probably  also  from  tbe 
nucletis  of  Deiters  in  the  lateral  column,  and  from  the  corpus  trapeaoides. 
Meinert,  however,  states  that  a  sensory  bamd  from  the  ftiniculas  ffraeiiut 
and  cuncfitm  passes  into  the  cerebellum,  and  a  motor  from  the  latter 
dowawards  back  into  tbe  cord  again» 

The  fibre  bundles  of  the  crura  mreheUi  ad  iHontcrn  possess  quite  a  dif- 
ferent significance.     Apart  from  the  fact  that  th<?y  connect  similar  portions 
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t>f  tlie  ttv^o  halves  of  ibe  cerebellum  as  eommifsuml  sj^mmB,  they  OQoteft 
BO  new  fibres  into  the  interior  of  the  orgEn,  but,  on  the  contraiy,  oofiftt]f 
fiisciculi  of  nerve  fibrib  springmg  from  the  aerebellmm  further  apwardemto 
the  cerebrum. 

l^ow,  it  seems  very  iniprobuble  that  the  whole  mass  of  fibrea  couFeyed 
tbrough  the  ärat^named  crura  into  the  cerebellüm,  tarminate  provisiofi- 
alljr  there,  to  escape  again  through  another  set  of  proeessea  by  the  laat- 
named  tirura.  It  ,is  far  more  likely  that  only  a  poriion  of  the  ma 
takes  tills  circuitons  route  through  the  cerebellum^  while  the  rest 
direetlj  into  the  cerebrum.  Thus  we  have  in  the  cerebellum  a  most  com- ' 
pHcatecl  mmmmry  apparatus.  Its  abscision,  moreoYer,  in  keeping  with 
this  Tiew^  disturbs  certain  conneetiüDS  to  a  great  extent,  but  does 
completely  put  an  end  to  tliem. 

Tlie  hhod-veamis  of  the  medulla  oblongata  have  the  same  airaogement 
aa  those  of  the  spinal  cord. 

As  elsewhere,  the  white  substance  found  in  the  medulla  oblongata  li 
traversed  by  an  open  network  of  capillaries,  whose  elongated  tneshes  ml 
seen  according  to  the  direction  of  the  fibres,  either  in  profile,  or  in  trans- 
verse section.     The  collections  of  grey  matter,  on  the  other  hand,  are 
much  mom  vascular,  and  supplied  by  a  denser  interlscemenl  of  capilktiaL 
The  very  closely  intercommunicating  capLllaries  of  the  ctneritious  eapstde 
of  the  human  olivary  bodies  present  a  peculiarly  beautiful  appaarance ; 
they  ara  partly  supplied  by  vessels  from  without,  and  partly  by  an" 
set  of  larger  tubes,  situated  in  the  white  nuclei     We  «hall  apeak  ' 
/vmpÄa/iV^  further  on  (§  300)  in  their  proper  place. 

§298, 

Turning  from  the  medulla  oblongata  to  the  neighbouring  parts  of  the 
brain,  we  tiud  that  leas  and  less  is  known  of  their  structure  the  farthft 
we  ad  van*^e. 

In  the  tfiregoiug  section  we  have  had  frequent  oceaaion  to  tout  li  upon 
many  points  relating  to  the  pans  Varolii  and  cerebellum^  so  that  thsj 
may  now*  be  first  described. 

In  regard  to  the  potw  Varolii  tse  have  already  remarked,  in  the  pps- 
eeding  section,  that  in  it  we  have  before  us  collections  of  grey  matt 
with  the  white  cords  of  the  medulla  passing  through  it     Purther^  it  i 
tmns  a  series  of  weLl-marked  transverse  fibres. 

The  cerebellum   consists  essentially  of  collections  of  white   nervoa 
tissue^  cinentious  matter  only  presenting  itself  on  the  roof  of  the  fouribj 
ventricle,  in  the  corpus  dentatum,  the  so-called  roof  nucleus  of  SHUifi 
and  in  the  layer  covering  the  surface  of  the  convolutions. 

Into  and  out  of  it,  as  we  know,  the  crura  ee}^helH  ad  fnedullum  eon  duct ' 
bands  of  fibres  of  the  medulla  oblongata^     In  the  same  way  further  elv- 
ments  leave  it  through  the  ($  297)  crura  cerebelli  ad  pontem,    finally,  the 
crura  cerehelli  ad  Cfprpnra  quadrigfimina  connect  the  oigan  witb  the  bmiit 

The  whole  of  the  cerebellum  presents,  likewise,  that  very  deUeat# 
tentacular  connective- tissue  already  mentioned  {§  119).     It  la  espedaUl 
highly  developed  in  the  cortical  layer. 

The  fierce  fibres  of  the  white  substanee  of  the  cerebeÜam  s>6  stated 
present  a  similar  arrangement  and  diameter  at  almost  alt  points;  tb 
latter  i^,  on  an  average,  0*0045,  but  may  range  from  0W27  to  0*0905^ 
mm.  {Kmlhker), 

llie  eimritiom  sub$tan^^  is  only  to  be  found,  in  small  amount,  on  tfa%j 
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loof  of  the  fourth  veatricle.    Here  we  encounter  ganglion  cells  of  consider- 
.  able  size,  varying  from  0*045  to  0*067  in  diameter,  and  of  brownish  tint, 
disseminated  through  the  white  substance  (substantia  ferrughiea  superior 
of  Eoelliker). 

The  nucleus  detitaius  of  the  cerebellum  is  of  great  interest  on  account 
of  its  relationship  to  the  specific  nucleus  of  the  same  name  in  the  olivary 
bodies.  In  its  plicated  capsule  of  grey  matter  numerous  ganglionic  cor- 
puscles of  medium  size  (0*018-0*036  mm.)  are  to  be.  met  with  disposed 
in  three  layers, — ^an  external  and  an  internal  of  fusiform  cells,  and  middle 
of  multipolar  elements.  The  bodies  of  these  also  are  coloured,  as  a  rule, 
with  pigment.     Between  them  a  maze  of  fibres  is  to  be  seen. 

Our  knowledge  of  the  course  of  the  fibres  in  the  cerebellum  is  at  pre- 
sent exceedingly  imperfect.  Nervous  bundles  of  the  crura  cerehelli  ad 
med.  oblong,  are  said  to  advance  as  far  as  the  crumpled  plate  of  grey 
matter  of  the  corpus  dentatum,  and  to  terminate  in  its  ganglion  cells  pro- 
visionally. Then,  again,  efferent  fibrous  bands  are  stated  to  make  their 
way  out  of  the  organ,  at  that  point  where  the  corrugated  capsule  of  grey 
substance  is  imperfect,  passing  into  the  crura  cerebelli  ad  corpora  quadri- 
gemina  (Ruikowsky).  The  fasciculi  of  the  last-named  crura,  however, 
have  also  been  described  as  radiating  from  the  corpus  deniatum  towards 
the  surface  of  the  cerebellum ;  they  are  said  to  connect  this  cortical  layer 
with  the  so-called  corona  radiata  fibres  (Stabkranzfaserung)  of  the  hemi- 
spheres of  the  cerebrum  (§  299).  But  the  bundles  of  fibres  of  the  crura 
cerebelli  ad  medullam  oblongaiam  are  also  described  as  entering  the  roof 
nucleus  of  Stilling,  and  spreading  from  thence  to  the  cortex.  Some 
speak  also  of  a  system  of  arching  fibres  here  (similar  to  those  we  shall 
have  to  consider  presently  in  the  hemispheres  of  the  cerebrum),  serving  to 
connect  ad^'acent  convolutions  of  the  cortex  with  one  another. 

Iji  short,  the  whole  matter  is  still  very  obscure. 

The  cortical  layer  of  the  cerebellum  has,  to  be  sure,  been  recently  made 
the  subject  of  very  earnest  study,  and,  to  some  extent,  the  older  and  newer 
investigations  have  thrown  a  light  on  the  subject. 

And  first,  as  regards  its  coarser  structure,  it  presents  two  layers, — an 
internal  of  a  rusty  brown  colour,  and  an  external  grey.  The  first  of  these 
is  not  so  deep  as  the  latter. 

It  was  at  one  time  supposed  (Gerlach,  Hess,  Ruikowsky)  that  the  nerves 
of  the  white  substance  undergo  repeated  division,  radiating  at  the  same 
time  in  a  brush-like  manner,  and  forming  eventually,  with  further  sub- 
division, a  retiform  plexus  of  fibres  of  only  0*0023  mm.  in  thickness,  in 
whose  course  the  numerous  nuclear  structures  of  the  rust  brown  layer  are 
interpolated  (Gerlach),    This  view,  however,  has  not  since  been  confiimed. 

The  rust-broum  stratum,  which  has  a  thickness  of  from  1  to  0*5  mm. 
(least  at  the  bottom  of  the  sulci),  is  by  no  means  sharply  defined  against 
the  white  matter  beneath  it  In  it  we  find  densely  aggregated  those 
naclear  structures  already  mentioned,  which  also  occur  in  the  white 
stratum  (the  "granules"  of  Oerlach).  These  are  of  rounded  form  and 
diameter  of  about  0*0067  mm.  on  an  average ;  each  presents  also  one  or 
two  nucleoli  (fig.  561,  below).  Whether  we  have  before  us  cells  or  nuclei 
here  is  a  point  very  difficult  of  decision.  One  fact,  however,  in  regard  to 
them  can  hardly  escape  even  the  superficial  observer,  namely,  that  they 
possess  considerable  resemblance  to  certain  elements  of  the  retina,  Le.,  those 
of  the  granular  layers  of  the  latter. 

Many  of  these  elements  present  very  fine  filiform  processes,  of  which 
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two  are  often  oxjiclly  nppo8ile  one  anüther.     As  a  rule  the  ktter  i 
visible  for  a  very  short  distance  from  theii  point  of  origiju 

Two  gpeciei  oif  these  elements  are  recognised  by  SeAw/s«*     In  ilie  firet 
place^  önmller  ones  of  O'OOGZ  mm.  in  diameter,  and  smooth  edged,  wbicli 
on  treatment  with  bichromate  of  potajsh,  aequiie  great  brilliancy  of  i 

line,  and  are  seen  to  posses«  €ift6  i 
two  small  nucleoli  and  the  Ell 
just  mentioned  ;  in  the  second  plsosil 
larger  elements»  O'OOHO  mm,  in  dJM 
meter,  which  have  distinct  nticUxiIiJ 
These  show  no  polar  tilatnenta^  bu 
have  frequent!}*   stiiched   to    then 
small  shreds  of  the  tibrous  snst*^nt 
ctilar  substance,  to  which  latter  thsgrl 
probably    belon^j,    while    the    um* 
form  of  cell  is,  by  this  observer,  set 
down  as  nervous,  and  analogous  ta 
the  granules  of  the  retina. 

There   is,  however,  great  diffei 
ence  of  opinion  upon   this  point; 
and  sonie  very  weighty  ai , 
among  whom  JCiM^Uiker,  ^.'  1 1 

Deiters    may   be   mentioDed,    lijuli 
upon  the  whole  as  part  of  the  spong 
tissue  of  the  sustentacular  subsi&nö 
and  deny  any  connection  with  nerv«^l 
fibres  ascending  from  below*     This 
view  we  ourselves  also  are  inclined 
to  regard  as  the  most  correct, 

A  set  of  small  ganglion  cells  has 
been  described  by  Koelhker  and 
Schulze  as  occurring  at  the  border 
of  this  stratum,  which  give  olf  n 
a  number  of  ramifying  procoaes; 
and  3feinert  speaks  of  a  layer  of 
tangentiaHy  coursing  nerre  fib(re%j 
with  similarly  arranged  fusifor 
cells  here^  We  have  already  al- 
luded to  this  above. 

Turning  now  to  the  most  external 
of  these  two  cortical  strata,  the  grq^ 
or  ixUuhtr  hiyrr^  as  it  is  called^  we 
find  its  moat  b  tri  king  elements  to  \u^ 
large  gtinglion  cells  (fig,  560),  dis- 
covered many  years  ago  by  Ptirkinje, 
Tbey  lie  cliiefty  in  the  iiiuer  portion 
of  the  stratum,  bnt  are  by  no  means  abundant  (fig.  6G 1  )^  and  form  but  a 
dngh  low.  Internally  they  give  off  one  process  only  of  a  difff  rent  appear- 
ance from  themselves  (fifr,  560,  h).  According  to  Gtrrla&h  this  hr»-^ik»  up 
into  the  hue  network  of  tiie  rnsty -brown  lay  er,  already  alluded  in^  with  its 
interpolated  nuclei»  which  would  he  a  very  peculiar  arrsngemeiil  of  tb«^ 
nervous  £bre9.  But  although  others  have  expri5sse4  their  concurrence  in 
thifi  view  of  GtrlacKw  {IIe»t,  Butk^wsky)^  it  niiist^  nevertheless^  be  dcclmed 
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as  incorrect  The  process  mentioned  remains  undivided  (d),  aiidi  becom- 
ing cloth  od  with  ft  layer  of  medullary  etihslanco  (e),  miiy  he  fogarfled  as 
the  oriiimirj  axis^cylitidei-  process  of  the  central  ganglioE  celb  {Deiters^ 
KoBchewnücoffj  HadUcJi,  BiM), 

Externally — that  is,  dii^^cted  towards  llie  surface  of  the  cerelFellum — 
thcao  large  ganfjlion  colls  send  ofi' 


i  ^^ 


I;^ 


w 


^^c 


f— c 


several  (generally  two)  character- 
istic protoplasm  processes  through 
the  scKcalled  "molecular  layer  of 
He98.^  Those  then  give  origin  to 
regular  systems  of  branches,  thin 
at  Ür&t^  and  running  down  to  the 
most  dt^tic^te  terminal  hkments 
finally  (r,  e,  /,  /).  Taken  as  a 
whole,  they  present  so  me  what  tlu> 
appearance  of  a  stag's  antlers.  Com- 
missural union  of  one  cell  witli 
another,  by  means  of  these  ytra- 
ceases,  does  not  occur.  On  tht^ 
contrary,  the  discovery  of  Hadlieh 
(if  it  he  conlLrmed)  is  of  great 
interest  (fig.  561),  namely,  that 
these  tin  est  h  laments  of  the  arbo- 
rescent systtjiu  of  ramifications  (*j) 
bend  over  on  arriving  near  the 
surface  of  the  cortex  in  shm'ter  or 
longer  arches,  a  ad  nm  inwards 
again  thi-ough  the  grey  layer  in  the 
direction  of  the  granular  layer  of  the 
rust-hr<Dwii  stratum.  Before  they 
reach  this,  however,  they  sink  into 
a  very  delicate  filamentous  network, 
according  to  Holl^  which  is  spread 
through  the  whole  of  the  grey 
matter  This  network  would  cor- 
respond, then,  to  that  described  by 
Gerktch  in  the  interior  of  the  Rpinal  cord.  From  it  thes^  in  the  granular 
layer  stronger  nerve^iibres  ore  said  to  arise. 

The  nerve  fihres  of  the  white  internal  portion  of  the  cerebellar  convo- 
lutions pass  outwards  to  the  grey  covering  layer,  interlacing  at  the  same 
time.  They  piisa  into  the  rust-brown  layer,  radiating  like  hairsj  of  a  paint- 
brush. Here  njost  observers  state  (we  believe  correctly)  that  they  undei^o 
extensive  subdivision,  so  that  only  very  fine  twigs  reach  the  under  surface 
of  the  large,  remarkably  formed  ganglion  cells»  They  appear  at  last  to 
terminate  in  the  fine  neural  network  of  Gerlarh.  Tha  axis-cylinder 
processea,  on  the  other  hand,  of  these  strange  ganglioa  corpuscles  i^^m 
inwards  towards  the  white  substance. 

The  nervous  plexus  of  the  rust-brown  layer  is  continuous,  with  rapid 
diminution  in  the  thickness  of  its  fibres  through  the  internal  third  of  tJie 
molecular  layer, 

The  framework  of  the  grey  layers  is  formed  of  ordinary  spongy  austeu- 
taeular  tissue  (Koefhk&Tf  Mutkotmky)^  wnth  those  scattered  nucleax  elemeiite 
of  which,  according  to  Schtdzet  two  kinds  may  bo  distinguialied. 


¥lff.  fifll.  — Sft'tlnn  throiißli  the  «»^itcK  of  lbs 
htiiTiAn  c  i'(?bf!Ll»in  (Jia^r  Hadtith}.  Two  Rftn- 
gMoti  cen»  of  PNthn/t;  beiftw  tli^'in  %  pmt  «f 
llw  ^"^^niilnt  Inyef,  A£  r^  siifttvtitActiiar  tibr^^ 
fl^  the  loorjcd  fllnmcni«  ut  Uic  ^j^^Se^i^Cl  riiinillc»- 
Uoni  (if  tlw  G;an^Uon  tst^;  c;  ftncit  LAnguiittal 


594 


HAKtJAL  OF  mSTOLOGT. 


In  tlie  outer  portion  of  tbß  cinentious  Bubatance  is  to  b@  W  foimd 
another  very  interesting  textural  arrangement,  again  remindiDg  us  of  the , 
retma  (see  below).     A  liomoganeouä  connective^tiBsu©  boundary  Uj 
lying  underneaLh  the  pia  mater,  and  corresponding  to  the  grey  periphe 
bminii  of  the  spinal  cord,  gives  off  internally,  converging  Äustentactikf 
fibres  (üg.  561  r),  which  may  not  uDfrequently  be  followed  tbrougb  mottj 
than  balf  the  depth  of  the  whole  grey  matter  {Bertpnanu,  ßchiäzß}. 

§299. 

There  now  t^moin  for  otir  conBideration  a  few  points  In  regard  to  tht  j 
histology  of  the  cerebrum. 

The  peduneuU  cerebri^  or  crura  cerebH  ad  ponttm,  conabt  of  maizes  ) 
nerve-fibres,  which  paa^  partly  from  the  medulla  oblongata  and  cerebelluml 
to  the  brain,  and  partly  from  the  latt^tr  into  the  mednlk  pofiaibly. 
transverse  section  each  crus  is  ohserved  to  be  divided  into  two  portioni^ 
by  a  creecentic  band  of  grey  miitter,  the  mbsianita  nigra.     The  most 
inferior  of  these  ("the  base")  is  crescentic,  and  the  upper  ("the  c§p"} 
round.     According  to  Mepiert,  it  is  motor  fibres  from  the  corpm  girm 
and  lenticular  nucleus^  or  nuckm  deniatinif  which  pa^  through  this  lof 
part  of  the  peduncles  serving  the  purposes  of  voluntary  motion.    Through | 
the  **  cap,"  or  upper  portion,  on  the  other  band,  other  fibres,  arising  in 
the  optic  thalamus  and  quadrigeniinal  body,  descend,  which  preside  ore? 
the  reflex:  motions     Under  the  microscope  the  white  matter  of  the 
presenta  the  ordinary  central  nerve- tubes  aud  grey  ganglionic  corpc 
with  numerous  pioceases,  whicli  ramiiy  largely^  and  pigmentary 
cules  in  their  interior  (fig,  305,  4,  p.  314), 

Those  structures  which  go  by  the  name  of  the  t^rebral  ganglia,  namelyi^l 
the  corpora  quadngemina^  thalaml  üpti&\  nucleus  dentaiüSt  and  ear 
striata,  have  up  to  the  present  received  but  little  attention. 

The  corpora  qadrigemina  posses»,  like  the  thalamic  a  white  layer  ovenw" 
laid  with  a  sonal  stratum  of  nerve- fibres.     Underneath  them  the  erura 
cerdpcUi  ad  corp.  quad,  simply  pass  on  to  reach  the  cerebral  hemiipherY:a 
They  are  therefore  incorrectly  so  called,  for  they  are  much  more  ci-Mn* 
cerebclH  ad  cerebrum.      LöteraUy,   there    enter   the  <^>r/>,   quad  from 
below  the  two  lemnisci  spriogiug  from  tlie  motor  part  of  the  med  ulk 
oblongata,  and  traceable  back  to  the  same.     Each  tif  tiie  ganglia  eer 
off  two  cords,  the  quadrigeminal  arms,  which  are  said  to  puss  into 
system  of  the  corona  mdiata.     In  the  anterior  of  the  quadngeminal  bodie 
a  root  of  the  optic  nerve,  coming  from  the  corptm  gfmicaledmm  internum^ 
is  said  to  terminate.     The  acliievementa  of  histology  in  this  field  are  ilill 
very  in&ignilicant.     Small  cells  have  been  recognised  in  the  internal  gi^y 
substance  with  larger  multipolar  and  fusiform  ganglion  corpuscles.     The 
latter  are  to  be  found  in  the  deeper  layers  of  the  anterior  bodies  about  tbo 
aqueduct  of  Sglmus  (Mefpieri). 

The  optic  ßliaiami^  we  take  it  for  granted,  are  already  famHiar  to  oui 
readers  as  regards  fomu  Their  posterior  end  has  received  the  niktm  *  ^ 
the  pulolnar.  Internally  to  it  is  situated  the  tfrrpuM  geniculaium  internum, 
more  {losteriorly ;  and  externally  the  eg.  cxternuvu  Into  the  latter  a 
portion  of  the  optic  tract  passes  an  its  way  to  the  pulvinar.  The  cap  of 
the  cm»  rci-ebri  is  intimately  connected  with  the  thalamus.  These  aro  then 
the  new&st  views  of  Meijnert ;  but  some  years  ago,  J",  Wagnet  came  to - 
different  conclusions  in  regard  to  the  optic  tract,  and  they  will  be  probab 
modified  still  by  aubsequent  observations.     An  abundant  corona  mdiati 
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of  fibres  further  springs  from,  the  external  border  of  the  thabmus.  Ai 
to  tliö  histology  of  the  part,  we  poaAeaa  but  very  little  satisfaeiory  informa- 
tion. Cells  are  to  be  found  here  which  appear  to  differ  froni  the  large 
1Ü  ulU polar  ©le men ts,  most  of  them  being  fusifortn»  The  pulviuar  preaenta 
Uüthing  remarkable  about  iL  In  the  external  geniculate  body  the  eelU 
are  frequently  pigmented  ]  the  internal  contains  fusiform  elements. 

We  pass  on  now  to  the  corpora  striata  and  nueletis  detifatuä. 

Both  these  present  a  grey  surface.  In  them  terminate  fibres  from  the 
baai^s  of  the  crura  cerebri  Extenially,  both  ganglia  send  fibres  to  the  corona 
radiata  {Stablcranzy  The  grey  matter  of  both  ganglia  presents  for  the  most 
part  great  uniformity  of  stmctura  In  it  we  meet  with  larger  and  smaller 
multipolar  ganglion  cells  and  small  elements,  measuring  0-005-0  01  mm* 
The  neuroglia  is  similar  here  to  that  in  the  cortex  of  the  cerebrum. 

In  respect  to  the  nuclei  mnf/gdal(e  and  dmistrum  we  are  in  want  of 
trustworthy  observ^ations. 

Turning  now  to  the  coronata  radiata^  we  find  that  it  consists  in 
the  first  place  of  fibres  which,  without  having  touched  one  of  those 
ganglia,  ascend  directly  through  the  crura  cereifri,  and  then  of  the  radia- 
tions of  the  ganglionic  masses.  These  great  masses  of  fibres  are  probably 
conneeted  with  the  intellectual  functions* 

The  earpus  callmum,  on  the  other  hand,  has  nothing  to  do  either  with 
the  peduncles  of  the  brain  or  the  corona  radiata.  It  is  a  purely  commis- 
sural system  of  fibres,  radiating  extensively  in  the  hemispheres  of  the 
eerebriHJi,  as  alao  is  the  anterior  commissure.  Besides  these,  there  are 
well  developed  systems  of  fibres  which  connect  various  parts  of  the  brain 
on  the  same  side,  as,  for  instance^  the  fibres  of  the  surface  which  uaiie 
the  gyri  one  with  the  other  **  associating  fibres." 

The  white  substance  of  the  hemiapheres  consists  of  medullate^l  fibres  of 
uljout  0  0026'0'0067  mm.  in  diameter  At  the  surface  only  of  the  larger 
ganglionic  maases^  and  towards  the  cortex  is  the  non-meduUated  species 
to  be  found* 

The  nerve-fibres  are  grouped  together  in  bundles  invested  with  a  cover- 
ing of  connective-tissue  cells  {Gt^lgi,  BoU). 

The  eortßx  of  the  hemispherea  may  bo  divided  into  several  layer»,  not 
distinctly  marked  off,  however,  against  one  another  at  all  points.  Their 
number,  also,  has  been  variously  estimated  by  several  observers,  among 
whom  may  be  mentioned  KoeUiker^  Siephnnij^  Berlin,  Arnttfj  Meynert^ 
HefiiCf  and  JStieda,  This  is  easily  conceivable,  and  it  is  probable  that  it 
varies  also  in  the  difi'erent  lower  mammal  a. 

We  regard  the  cortex  in  man  as  divigible  into  six  lamime,  hut  would 
mention  that  our  material  has  been  in  the  last  few  years  very  insufficient. 
We  were  unable  to  procure  brains  fresh  enough  for  our  object. 

(1.)  The  uppermost  layer  {Kodltker)  consists  of  a  series  of  horimntal 
tmn averse  and  oblique  fibres,  probably  of  nervous  nature. 

(2,)  The  n©xt--the  ß^-^t^  of  Meynert  (ßg,  562,  )),  is  among  the  mam- 
mals deeper  than  in  man,  and  is  composed  chiefly  of  neuroglia  with  a  few 
scattere<l  nervous  elements.  Two  forms  of  the  latter  have  been  described 
— ^in  the  first  place,  namely,  small  cells  of  O'OOÖ-O'OIO  mm.  in  diameter, 
and  of  polygonal  or  pyramid^  figure  giving  off  processes  i  and  secondly, 
networks  of  the  luost  deHcate  nervous  fibrillie  of  unknown  nature. 

(3.)  A  layer  of  crowded  small  mjltipolar  nervo  cells  usually  of  pyra- 
midal form  (2), 

(4.)  A  deep  stratum  in  which  much  larger  many^rayed  ganglion  eeUs^ 
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are  met  with  atwid©  intervak. 
These  present  roundbh  or  ora 
nuclei  UHUallj  from  the  ap 
of  the  cell  one  process 
outwards,  and  three  othe 
from  the  broad  et  part  inwardi«! 
They  may  lie  seea  to  be  of  fihnlJ 
kted  structure.  The  niiddlflj 
01)0  of  these  basal  proce^sse^  m\ 
In  oontrast  to  the  others,  whkli] 
mmify,  an  **  axia-cylinder  pr 
cesa"  {Meytmrt^  KoseJiett^ihff^  1 
and  is  prolonged  into  ont?  of] 
the  nerve-fibres  of  the  coroml 
mdiata.  (3.)  The  smaller  celkj 
of  the  third  layer  are  aleo  said  I 
to  present  the  same  anrnnge^i 
ment  likewise, 

(Ö,)  A  layer  of  closely  p^ked^l 
roundish,  smaller  cells  0'008 
0-010  mm*  in  diameter,  witkl 
hardly   recogm&ahle   procettfltl 

(6.)  A  lamina,  con^isUng  ( 
fusiform  cellular  elements,  mea*^ 
euring  0  030,  from  whoJie  lipicea 
filiform  processes  spring  (5). 

These  last  ran lificttt ions  are 
not  sup  pose  tl  to  have  anjthing^j 
to  do  -with  the  corona  Tadiat%I 
but  a?«  connected,  in  all  pro-l 
bability,     witli     **  ftsaociatinjj 
fibres  "  of  M^iyfwrt     The  mul- 
tifjolar  ganglion   cells  of   the 
fourth  layer  are  stated  by  this 
observer  to  be  motor,  tb«  elih 
ments  of  tlie  fifth  resemhling 
the  "granules  of  the  retina" 
(see  helow)j   poaaees   sensitive 
properties.     This  is  all,  in  our 
opinion,  purely  hy^Kithetical, 

A  discovery  has  recently 
been  made  by  Gerht^  whieh 
seems  important.  The  cortex 
of  the  cerebrum  presents, 
namely,  in  the  first  place,  a 
wide-nieshed  network  of  med  al- 
ia ted  fibres  in  whose  inter- 
sticea  ganglion  cells  are  situ- 
ated. Here  we  find,  besides  i 
that  very  delicate  network  of 
extremely    fine   fibres    already 
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met  with  in  the  grey  matter  of  the  spinal  cord  (§  293).  Kay,  further, 
the  ramifying  cellular  processes  are  also  seen  here  sinking  into  the  latter. 
Bat  though  the  cortex  presents  this  general  plan  of  structure,  there  are 
nevertheless  local  deviations  from  it. 

In  the  first  place,  at  the  point  of  the  posterior  lohe,  in  the  neighbour- 
hood of  the  sulcus  hippocampi  (a  spot  investigated  long  ago  by  Clarke)^  a 
number  of  anomalous  white  streaks  present  themselves  in  the  cortical  por- 
tion. Meynert  regards  this  part  as  made  up  of  eight  layers.  The  first 
two  of  these  conform  to  Kos.  1  and  2  of  our  1^g.  562.  The  third  stratum 
lacks  the  large  pyramidal  cells,  but  presents  in  their  place  granules. 
Under  these  there  appear,  as  fourth  layer,  those  scattei'ed  pyramidal 
cells  already  mentioned,  but  very  sparsely  and  at  great  intervals  from  one 
another.  As  a  fifth  layer,  we  find  granules  again,  as  in  the  third.  The 
sixth  resembles  the  fourth  in  having  again  scattered  pyramidal  bodies. 
On  this  there  follows  another  granular  layer.  The  eighth  and  last  layer, 
finally,  consists  of  ordinary  fusiform  cells  (fig.  562,  5). 

The  comu  ammonia  presents  the  same  difference  of  appearance.  It 
was  first  studied  by  G.  Kupffer  in  the  brain  of  the  rabbit,  and  later  by 
Arndt  and  Meynert  in  the  human  being. 

According  to  the  first  of  these  observers,  the  structure  is  complicated, 
but  allied  to  that  of  a  cerebral  convolution.  The  comu  ammonia  presents 
under  its  most  superficial  layer  of  nerve  fibres  another  so-called  molecular 
stratum  of  grey  matter,  which  contains  in  its  deeper  portions  a  series  of 
closely-packed  ganglion  cells,  one  set  of  whose  ramifying  processes  is 
directed  towards  the  centre,  thus  constituting  a  deeper  streaked  grey 
lamina.  Under  this  we  next  come  upon  a  reticulated,  then  a  second  mole- 
cular, and  finally  a  stratum  formed  of  closely-crowded  "  granules." 

According  to  Meynert^  the  grey  cortical  layer  of  the  cornu  ammonis  in 
roan  may  be  regarded  as  a  thin  covering  layer  without  granules.  At  one 
point  alone — namely,  at  the  apex  of  the  fascia  dentata — do  these  "granules" 
appear  in  any  great  abundance. 

We  turn  now  to  the  bulbua  olfadoriua,  a  remarkable  piece  of  cerebral 
substance,  but  ill  developed  in  man.  In  many  mammals  it  is,  as  is  well 
known,  quite  hollow.  Its  walls  consist,  if  we  will,  of  two  groups  of 
laminae,  an  inner  white  and  an  external  grey.  The  latter  becomes  more 
and  more  highly  developed  as  we  approach  the  ethmoidal  cells. 

Into  the  first  the  root  bundles  from  the  neighbouring  parts  of  the  brain 
enter.  Of  these  there  are  two — first  a  strong  root  coming  from  the  exter- 
nal side,  of  which  one-half  seems  to  be  a  continuation  of  the  anterior 
inferior  convolution  of  the  brain,  while  the  other  thinner  portion  can  be 
followed  into  the  corpua  calloaum  ( Walter) ;  second,  an  internal  weaker 
root  of  the  bulb,  consisting  of  three  bundles  of  fibres,  one  from  the  corpua 
striatum,  another  from  the  diiasma  nervorum  opticorum,  and  the  last  from 
the  pedunculua  cerebri  In  many  points,  however,  Clarke^ a  views  differ 
essentially  from  this  sketch. 

If  we  now  examine  the  walls  from  within  outwards,  the  very  complex 
structure  of  the  central  organs  presents  itself  to  us  here  also. 

The  cavity  is  lined  with  delicate  ciliated  epithelial  cells,  whose  filiform 
root  processes  penetrate  into  the  strongly  developed  neuroglia  of  the  sub- 
stratum, with  its  roundish  cellular  equivalents.  This  latter  is  traversed 
again  at  a  slight  depth  by  a  set  of  fine  longitudinal  but  medullated  nerve- 
fibres,  which  are  a  continuation  of  those  of  the  root-bundles.  Kext  to,  and 
probably  derived  from  them,  is  to  be  found  a  stratum  of  nervous  elements 
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ananged  in  a  plexus  {Clarh;\  presenting  very  fine  tubes  as  a  rule,  ami 
tiadear  elecnents  of  tha  sus tentacular  Bubetauce  between  the  perpimdi- 
cularly  descending  ntfrve-fibre^  The  austentacular  tissue  preeents  iti 
here  in  a  very  pure  state,  but  at  the  same  time»  of  extreme  delicacy.  It 
eon  tains  numeroua  nuclei,  and  among  them  some  of  considerable  mze, 
which  belong,  according  to  Walter^  to  small  bipolar  ganglion  ceU 
Besides  this,  it  presents  a  kyei  of  large  multipolar  ganglionic  corpu 
with  widely  branching  protoplasni  proceaaea  The  whole  reminds  us  eonr ' 
siderahly  of  the  cortical  layer  of  the  ceiebellura  (§  298).  JBelow,  or,  mow 
properly  speaking,  externally,  the  walls  of  the  bulb  acquire  a  very  obscuv 
character  from  the  transformation  of  the  grey  matter.  Here  we  enconnterj 
namely,  spheroidal  peOeta  of  a  granular  nucleated  substance,  lying 
spongy  tJÄSue,  from  which  the  peculiar  pale  peripheral  olf*^ctory  tibres  \ 
given  oE  These  we  have  already  alluded  to,  and  shall  consider  again  in 
dealing  with  the  organs  of  smelL 

The pif^alglaMy  or  conarmm^  is  a  very  pnzjsling  organ,  which  probal^y 
like  cartilage,  undergoes  early  clianges.  It  has  been  by  90313 e  supposed  i 
have  some  relationship  to  the  lymphatic  glands  (Haue).  It  present!  !< 
a  connective-tissue  framework,  roundish,  sometime.3  cotnplete,  sometime 
incomplete  cavitiee.  These  are  occupied  by  two  kinds  of  cellular  elem^iti 
namely,  larger,  provided  with  long,  thick,  ramify  in  g  processes,  forming  i 
delicate  **  reticulum,*'  and  smaller,  which  give  off  proce^es  in  the  adaH 
but  not  in  the  infant  just  bom  {Bkmzerf}). 

Numerous  peculiar  concretions  occur  here  also,  known  a^  the  aeervulu 
cerebri^  a  full  description  of  wliich  we  reserve  for  the  following  seetioiii 
where  we  shall  consider  tbem  in  connection  with  the  choroid  plejnis. 

The  hifpophysis  cerebri  has  been  already  disposed  of,  with  the  other 
members  of  that  obscure  group  of  "blood  vascular  glands*'  {§  23ft)  to  which 
it  belongs. 

In  respect  to  the  compoiittm  of  the  brain  and  spinal  cord  we  htTs 
already  mentioned  all  that  is  necessary  to  he  borne  in  mind,  in  the  second 
part  of  our  work  (g  190)»  We  have  also  alluded  there  to  the  extremety 
imperfect  atate  of  our  knowledge  on  the  subject« 

§300. 

We  now  come  finally  to  the  jj^^ibranes  investing  the  brain  and  spiB 
cord,  of  which  there  are  three.     In  the  first  place»  there  is  the  dum  mate 
eadernally»  a  strong  Ebroua  coat  (p.  225) ;  then  in  the  middle  the  ar 
nmdea^  with  all  the  characfcera   of  a  serous  membrane  {p.  226)  ; 
finally,  the  pia  rnnt€f\  a  delicate  internal  membrane,  immediately  in  con- 
tact with  the  nervous  auhstance  of  the  brain  and  cord  (p.  229), 

The  dura  mater  has  been  already  dealt  with,  as  regards  its  structni' 
generally,  in  another  chapter,     It  is  rich  in  elastic  fibres.     Its  felation 
to  the  brain  and  spinal  card  are  somewhat  di^erent.     The  latter  m  eon 
tained  within  it  as  in  a  tube,  wliich  haoga  down  in  the  spinal  canal  (ILni^l 
ibronghout  with  periosteum),  loose  at  either  side  and  behind,  and  only 
attached  anteriorly  by  a  band  of  connective-tissue  to  the  ligametjtutn 
longitudinale  posterius.     The  matter  which  occupies  the  cavity  so  reenU 
ing  is  a  9ott  colloid  tissue,  containing  connective^issue  corpuscles  and 
cells.     Without   taking  into  account  the  weU-known   venous  plexti 
traversing  it,  the  latter  is  rich  in  small  and  extremely  delicate  blood- vea&eJji.  ^ 

Within  the  cranium,  on  the  contrary,  the  dura  mater  is  intimately  oon- 
Eeeted  with  the  periosteum,  or,  more  properly  speaking,  it  plays  the  pvi 
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of  the  latter  with  its  external  portion,  which  is  more  vascular  and  of  less 
dense  texture  than  the  internal  laminse.  In  the  spinal  cord  it  is  very 
scantily  supplied  with  vessels.  The  dura  mater  is  very  rich  in  lymphatics. 
Some  of  these  run  along  side  hy  side  with  the  hlood- vessels,  while  others 
ensheath  the  latter.  It  appears  very  probable,  further,  that  they  open 
into  the  cavity  between  the  dura  mater  and  arachnoid.  The  same  seems 
to  occur  also  on  the  external  surface  of  the  first-named  membrane 
(Michel).  As  yet  no  nerves  have  been  found  in  the  dura  mater  of  the 
cord,  in  contrast  to  that  of  the  brain,  which  receives  twigs  from  the  S3rm- 
pathetic  and  trigemiaus.  The  mode  of  termination  of  these  nervous 
elements,  which  have  been  observed  to  undergo  subdivision,  has  not  yet 
been  sufficiently  cleared  up.  They  appear  to  end  in  the  blood-vessels  and 
bones. 

The  dura  mater  is  separated  from  the  next  membrane  underneath  it  by 
what  is  known  as  the  *^  subdural  space.'* 

The  second  membrane,  the  aradinoidea^  was  formerly  described  as  form- 
ing a  shut  serous  sac,  but  erroneously  so ;  the  parietal  leaf  being  usually 
represented  as  fused  togetlicr  with  the  outer  layer  of  the  dura  mater,  since 
it  could  not  be  demonstrated  separately.  It  presents  for  our  consideration  a 
very  thin  delicate  membrane  on  the  spinal  cord,  investing  the  pia  mater 
quite  loosely,  and  only  connected  with  the  latter  and  with  the  nervous 
roots  by  means  of  numerous  bands  of  connective- tissue,  varying  according 
to  locality.  Consequently  there  is  left  a  considerable  interspace  between 
it  and  the  pia  mater,  known  as  the  subarachnoid  space.  But  the  relations 
of  this  envelope  on  the  brain  are  ditferent  in  some  respects.  Here  we  ßnd 
it  for  the  greater  part  firmly  adherent  to  the  pia  mater,  the  latter,  however, 
dipping  in  between  the  convolutions,  while  the  arachnoid  stretches  across 
the  depressions  between  the  same,  and  also  those  larger  ones  situated  at 
the  base  of  the  brain.  In  this  way  a  great  number  also  of  smaller  sub- 
arachnoid spaces  are  produced.  In  regaixl  to  the  connective -tissue  of  the 
arachnoid  Key  and  Betzius  have  recently  made  some  admirable  observa- 
tions. The  retiform  fibrillated  bundles  are  covered  with  fiat  connective- 
tissue  cells,  similar  to  those  we  have  already  considered  in  speaking  of 
connective-tissue  (§130),  the  lymphatics  (§223),  and  the  testes  (§283). 
These  are  united  to  each  other  to  form  a  kind  of  membrane,  and  fill  up 
the  interstices  of  the  various  layers.  Under  the  action,  further,  of  nitrate 
of  silver  solution  they  present  the  well-known  mosaic  appearance  of  the 
"endothelial  cells"  (§98,  &c.) 

Within  these  spaces  situated  under  the  arachnoid  of  the  brain  and 
cord,  and  communicating  more  or  less  with  one  another,  as  well  as  within 
the  ventricles  of  the  brain,  we  find  what  is  known  as  the  cerebrospinal 
fluid,  Tliis  contains,  besides,  about  99  per  cent  of  water,  small  quan- 
tities of  albuminate  of  sodium,  extractives,  and  the  onlinary  salts  of  the 
body  {C.  Schmidt,  Hopixi), 

file  number  of  capHlanes  encountered  in  the  arachnoid  is  extremely 
small  Nerves,  on  the  other  hand,  are  not  uncommon,  but  whether  they 
actually  end  here  is  a  point  not  yet  decided.  The  outer  surface  of  the 
arachnoid  and  internal  of  the  dura  mater  are  covered  with  a  slightly 
laminated  flattened  epithelium  (p.  141). 

We  come  now,  finally,  to  the  third  and  last  of  the  coverings,  the  pia 
mater.  In  it  we  have  before  us  a  delicate  connective-tissue  tunic.  Here 
also  we  find  those  flat  membranous  cells  just  referred  to,  with  connective- 
tissue  bundles  and  elastic  fibres.  The  whole,  liowever,  is  a  continuous  and 
89 
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unbroken  envelope.  The  pirn  frmier  ü  completely  closed  {K^f  Btstiiujt}. 
[t  appears^  moreover,  much  thinner  on  the  brain  than  on  the  cord. 

In  it,  aa  h  well  known^  Lnnumerable  blood -vessels  prc^nt  lliemecsl?ei, 
penetrating  for  the  most  part  into  the  nervous  matter*  We  have  ahtadj 
Gonfiidered  (§  292)  this  point  in  speaking  of  the  epinttl  cord.  In  tbe  biam 
their  arrangement  is  analogous.  The  pia  aiater,  further,  i^  richJy  eupplted 
with  weli-devebped  lymphatic  canals. 

Between  the  pla  mater  and  the  brain ,  or  spinal  c^ord,  there  does  not  exUt 
a  n  J  a  p  preciable  space.  The  "  e  p  i  spinal"  and  *  *  epicerebral "  spaoes  dcsc  ribed 
by  His  ar«  artihcial  productions.  After  personal  observation»  we  do  nut 
hesitate  for  a  moment  to  declare  this  statement  of  Ke^  and  Reisius  n& 
entirely  correct.     Bolt  is  also  of  the  same  opinion. 

We  now  turn  to  a  very  Lnterestiug  and  important  point,  as  beaiitig 
upon  the  lymphatics  of  the  central  oi^ans,  namely,  the  nature  and  rela- 
tions of  the  walls  of  the  vessels  entering  the  substance  of  the  braiu. 

These  are  loosely  invested  in  a  sheath,  which,  lying  next  the  iuniat 
media,  opens  out  into  the  subarachnoid  space  with  a  kind  of  funnel-ahaped 
dilatation.  Owing  to  this  arrangement,  the  sheaths  moy  be  artUicially 
injected  from  the  subarachnoid  space  far  into  the  interior  of  the  bnün 
aud  spinal  cor<l  Injections,  however,  which  penetrate  under  the  pin 
mater,  or  into  the  actual  nervous  tissue  of  brain  or  cord,  are  the  result  of 
rupture«.  There  are  no  auch  things  as  **  perivascular"  spaces,  ue.,  posaagisB 
between  the  adventitial  coat  and  the  adjacent  neuroglia ;  if  anything  of 
this  kind  present  ttselfj  it  is  an  artificial  production. 

Another  verj'  interesting  discovery  bis  also  btjen  made  by  Ketj  antl 
IMzkm^  viz.,  that  nervetrunka  and  gatjglia  are  also  invested  witli  * 
similar  dural  sheath  and  arachnoid  envelope,  and  which  can  be  arUficialljii 
ailed  in  the  same  way.  Here,  again,  then,  we  have  the  **  subarachnoid" 
space. 

We  glance  now  finally  at  the  Par^iioman  granuhitionn^  email  roond 
masses  of  connective-tisaue,  met  witli  as  normal  stmctures  principaliy 
along  the  course  of  the  longitudinal  sinus. 

Key  and  liefzitijt  have  made  eome  remarkable  statements  in  re^urd  to 
these. 

They  say  that  if  fluid  be  injected  into  either  the  Buljdural  or  subarach- 
noid space,  it  makes  ita  way  easily  into  the  renous  sinuses  and  venous 
ramifications  of  the  dura  mater,  Tim  entrance  take*  plaf^4f  through  th^ 
Bpcmgy  tissue  of  if  tern  granidaiion».  We  naturally  look  for  further  obsei^ 
vationa  on  this  point. 

l^e  two  enthinceeto  the  cavities  of  the  brain,  the  poat*;rior  and  anterior 

transverse  fisaurea,  are  clofled  by  the  stretch- 
ing  across  them  of  the  pia  mater  {te.lm  ehi*- 
roidew).  From  their  inner  eide,  especially 
in  the  anterior  trans  verse  fissure  between 
the  cerebrum  and  cerebelliim^  a  leaf-like 
process  with  lafga  yesaielt  penetrates  into 
the  ¥enttieles  of  the  brain,  to  form  thera 
the  plexus  dioridm.  This  is  nothing  but  a 
network  of  vessels  (§  136)  embtnided  in 
homogeneous,  colloid,  or,  later  on,  strMkiMJ 
connective^tbane  containing  cells.  On  its  free  surface,  as  far  as  thii» 
exists,  we  find  those  peculiar  rooted  epithelial  cells  (tig,  563)  alreatly 
described,  §  87,     The  ventricles^  however,  receive  no  further  isovering  of 


fifr.  £03.— EpithtiiMi  ttii«  frtifQ  til« 
biuniA  choroid  pl«ia&.  a.  the  cscUi 
fron  ftbore ;  A»  thv  amt  In  iift^Olet 
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pki  mater  than  this :  on  their  surfaco  the  HI- developed  connective  sul> 
stance  of  the  ependjiua  appears  imder  tb©  epithelial  covering  (§  119). 

This  deepest  membrane  of  bniin  a  od  spinal  cord  is  also  the  most  highly 
innervated  of  all,  The  nervcB  here  form  dense  plexuses,  not  only  in  the 
course  of  the  vessels,  but  also  in  the  connective-tissue  itself.  According 
to  KoeWker,  they  even  penetrate,  in  part,  into  the  substance  of  the  brain 
along  with  the  tiner  arterial  twigs.  The  nerves  supplying  the  pia  mater 
spring,  in  the  first  place»  from  the  posterior  root«  of  the  spinal  cord 
(Remak) ;  and,  secondly,  in  all  probability,  from  the  cranial  nerves  also, 
as  well  as  from  the  carotid  and  vertebral  plexuses  of  the  sympathetic.  It 
would  appear  also  that,  from  tlie  surface  *)f  the  brain  and  spinal  cord, 
delicate  filaments  may  likewise  be  given  off  in  the  opposite  direction  to 
^the  pia  mater  (Bochdalek,  Lctilioä^k),  The  choroid  plexus  is  quite  desti- 
^^Hate  of  nervous  supply. 

The  Uood-vemeU  of  the  cerebml  substance  have  in  so  far  an  analogous 
arrangement  to  those  of  tbo  cord,  that  they  fonn  larger  meshed  networks 
in  the  white  matter  thnn  in  the  grey» 

Tbo  mode  in  which  they  are  disjiosed  in  the  cortex  of  the  cerebellum 
was  found  by  Gerlach  to  be  diÜ'erent  in  the  thrtre  layers,— the  white,  the 
rust- colon  teil»  and  the  grey.  In  the  tirst  is  seen  a  loose  network  of  veasels 
with  Jong  meshes  tittiug  closely  to  the  fasciculi  of  the  nerve-tubes.  But 
the  densest  capillary  network  is  found  in  the  rust^coloured  layer.  Its 
mesbea^  roundish  or  polygouiil,  branch  off  inwards  with  greater  rapidity, 
but  enclose,  on  the  other  hand,  the  larger  ganglionic  corpusclefl  of  the 
^gfey  stratum  externally ,  The  meshes  of  the  latter  are  less  dense,  and  ar« 
arranged  in  the  direction  of  lines  nwUating  from  the  centre  of  the  cere- 
bellum* The  most  external  boundary  lamina  of  the  grey  layer  m  quite 
devoid  of  cüpillaries.  The  latter  terminate  here  in  the  form  of  loops. 
The  larger  vessels  supplying  the  brain  enter,  for  the  most  part,  with  the 
processes  of  the  pia  niater^  which  dip  in  between  the  convolutions  from 
the  surface.  Here  they  give  off  regular  twigs  at  right  angles  to  their 
course^  which  may  be  traced  pretty  far  into  the  cortical  grey  matter,  form* 
ing  there,  by  lateral  subdivision,  the  capillary  networks  just  mentioned. 
Other  larger  I  >  ranch  es  ramify  in  the  white  substance. 

"Not  less  delicate,  and  rather  similar  in  frontal  sectiim  to  that  of  the 
cortical  portion  of  the  cerebellum,  is  the  , 

arrangement  of  ve-ssels  in  the  olfactory 
hulh,  as  seen  in  the  rabbit*  for  in- 
stance, 

lietween   the    two    olfactory    lobes 
nins  a  large  vessel,  sending  oiTon  either  r  *^ 

aide  line  branches,  with  the  greatest  re-  ^ 

gularity,  into  the  grey  matter,  while 
the  outer  aspet't  ot  the  lobes  is  si  mi 
larly  supplied  by  other  twigs.  From 
these  a  dense  network  is  formed  in  th*i 
grey  subsfemce,  with  elongated  meshes 
t*xternally,  and  very  small  round  ones 
internally.  After  this  we  then  come 
u  f  *on  th  e  I  urge  and  Ion  g  m  esb  ed  capillary  *  'f  ; 
net-work  of  the  white  internal  layer. 

We  have  still  left  for  consideration 
the  sahuhus  mniUr  of  Ibe  brain  (fig.  &64),  which  is  found  in  the  choroid 
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A41,—Conevf turns  from  tit«  liiiTiiftnliTata; 
fiiMTi    Ihr   ptnrftl    eUnd.    %   früm  thu 
fh»rnl4  pic  3(111  \    with  UiBir  enTelupv*  of 
connect  I  ve-Uiaue« 
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plexus  anti  pineal  glands  It  consiaifi  of  verj  irregular  granule^  rdüging  i 
in  dinmcter  froin  0-0113  to  0-56S8  mm.  of  flattened  or  more  generally 
aphefoidal,  or  at  iimeä  most  fautaatic  shape.  The^  masses,  formed  of 
coTicentricaUy  arranged  layers  of  carbonate  of  calcium,  with  plio*=phatß  of 
calci iim  und  niagttcsium  combined  with  an  orgaoic  ftubstratum,  are  u^naHy ' 
imbedded  in  bundles  of  connective-tissue,  in  which  they  present  a  dark 
outline.  Their  occurrence  is  almost  entirely  contined  to  the  human  hr^ini 
and  much  doubt  exists  as  to  their  histological  BigniBcance. 

Tnnimg  now  to  the  origin  of  the  central  oigans  in  ih^  embryo,  it  will 
be  remembered  that  both  brain  and  cord  are  developed  from  the  so-eftlle(l| 
corneous  germinal  ptatc,  tliat  h,  from  that  portion  of  it  bordering  on  thfl 
middle  long  axis  of  the  embryo,  and  named,  accordingly,  by  Bemak  th«| 
nwäullarif  piaie,     Properlj  ipeaking,  it  is  more  the  province  of  em1>rjo*l 
logy  than  of  histology  to  follow  up  the  transformation  of  this  portion  ot| 
tha  germ  into  a  groove,  und  the  subsetjuent  closure  of  the  ktter.     lliis 
muchf  however,  may  be  mentioned  hert*,  that  at  an  early  period  the  stul 
wide  central  canal  of  th«  &pinal  cord  is  lined  by  a  layer  of  grey  subet^ne»  i 
composed  of  email  cells  of  round  form.     These  elements  gradually  I 
increased  in  number  at  the  spot  where  the  anterior  coniu  exists  later  on, 
and  from  this  point  the  nerve  libres  of  the  anterior  roots  make  their  exit. 
The  white  portions  of  the  cord  are  developed  later  on,  but  their  mode  oC| 
origin  and  relation  to  the  grey  substancu  requires  further  investigation. " 
The  fibres  of  the  sensitive  roots  are  formed  at  the  same  time  with  the 
development  of  the  posterior  column,     Both  thfl  lining  epitheliuni  and 
subjacent  layer  of  austentacuUr  tissue  are  distinctly  vij^ible  at  an  eafly 
period  :  the  former  is  originally  thicks  and  made  up  of  several  lay  era. 

At  present  we  possess  but  a  very  fragmentary  knowledge  of  the  histo- 
genesis of  .the  brain  and  its  appendages.  The  important  qtiestion,  like* 
wise,  as  to  the  origin  of  the  connective-tissue  framework  of  the  nervous 
centres  is  especially  diflicuU  to  answer. 

Two  species  of  cells  were  found  by  Boll,  even  at  a  very  early  period, 
iu  the  cortical  Liycr  in  the  embryonic  chick, — one  with  vesicular  nuclei 
and  sharply  defined  body,  the  other  with  liodies  hardly  distinguishable  I 
from  the  surrounding  protoplasm. 

J^'rom  tlie  first  species  the  ganglion  corpuBcka  are  developed ;  from  the 
second  the  cellular  elements  of  the  sustentaeular  substance.     From  th#  J 
first  a  number  of  ramifications,  with  varicose  fibres,  may  bo  seen  to  iprjug  j"* 
the  latter  present ,  after  a  time,  halo- like  rings  of  the  pecnliaj-Iy  eonsU* 
tu  ted  neur^tglia  around  theni. 

In  the  early  brain  of  birds  the  white  eubstance  presents  bnndles  of 
extremely  fine  fi brillsD,  separated  by  long  rows  of  roundish,  polygonalp 
flattened,  nucleated  calla  From  the  fii-st  the  sustentacular  matter 
developed.  The  secondj  formed  of  spijidle  colls  with  two  long  Yarioo«%' 
fibres  at  the  poles,  attract  around  them,  later  on,  a  number  of  the  graoules 
of  the  nervous  medulla,  and  by  the  fusing  together  of  the  latter  the 
medullary  sheath  is  produced. 

The  enmhpes,  bioud-veMeh^  and  lymphatim  of  the  bmin  and  cord  art 
developed  from  the  middle  germinal  layer.     The  bh>od'Veflaels  may  h^ 
beautifuOy  seeOj  advancing  into  the  substance  of  the  brain  end  spinal, 
medulla,  in  the  form  of  buddike  exerBscencos  from  the  envelopes,  and  J 
^reading  out  and  uniting  in  their  interior  {HtJf), 
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B.  SeoBöry  Apparatus, 

§301. 

T^^uMn  in  man  (tig.  56Ö),  the  organ  prtjsiding  over  the  iemecf  touch , 
consists  of  the  futis  vera  (bölow»  c),  the  cuticle  (a,  b)^  the  «ubcutaneous 
arcokr  tissue  (AJ,  nervee  (i),  ve&aels  (*/)»  guilorilio  (f/,  *?,  /),  and  ßebaceoüi 
gJancU,  haira  and  nails. 

All  these  parts  have  been  aJreaily  separately  consiJered  in  speaking  of 
the  several  tie&ues«  For  the  cutis,  see  p,  22S ;  the  epidemiifl,  p.  144; 
the  BUbcutaneou^  areolar  tissue,  and  the  collection  of  fat  cells  occurring  in 
it»  §§  120-1*23*  The  nerves,  ^  far  as  their  couree  and  mode  of  termina- 
tjoa  ia  known,  wer©  discuaied  bi  §§  ISO  and  187.  The  two  iipecieH  of 
glatida  occurring  in  the  ikin  have  been  already  spoken  of  generally,  at 
§§  198  and  196,  in  describing  glandular  tisaua  Hair  has  been  dealt  with 
in  §  212,  and  the  nails  In  §  91^. 

The  thkknei^  of  the  cutis  varies  in  different  jmrts  of  the  bodj,  ranging 
from  0*45  to  3*38  mm.  It  iä  thinnest  Id  the  eyelids,  the  glane  penis  and 
prepuce,  and  inner  surface  of  the  labia  majora.  In  the  face,  the  scrotunLi 
and  areola  of  nipple  it  becomes  thicker,  varying  from  0-68  to  1'13  mm., 
and  on  the  forehead  it  is  1  '50  mm.  Its  average  depth,  on  most  parts  of 
the  surface  of  tlie  body  lies  between  I'CS)  and  2*26  mm*  On  the  iole  of 
the  foot»  the  nates  and  bai-k,  and  often,  likewise*  in  the  palm  of  the  hand, 
it  attdiiis  the  greatest  ttiickness.  In  male^  it  is  stronger  than  in  fcniale^ 
and  in  children  under  seven 
years  of  age  it  is  haitily  half 
flS   deep  as  in   the  adult  {€. 

Ttie  epidermw  also,  already 
considered  at  greater  length  in 

another  place«  varies  much  in       -9^^^K  "^^       -y    t 

dilTereut  localities,  and,  niotta- 
over,  in  a  much  higher  degree 
than  the  corium.  This  Varia- 
tion affects  principally  it«  cor- 
neous layers;  while  the  sotlfc 
ßtraU  of  cells  undernfatU  only 
range  from  0-1128  to  0  0347 
muL  or  so ;  the  horny  portion 
may  vary  from  0*0347  to  2 "26 
mm«  Its  average  thicknens,  iu 
most  legions,  was  fixed  by  C. 
Krängt^  at  0O751-0"I735  mm* 
The  epidenuis  attains  tlie  greaU 
est  strength  in  the  palm  of  the 
hand  and  sole  of  the  foot,  j^in 
both  of  which  situations,  as  has 
been  known  from  the  earliest 
days  of  histology,  this  inequa^ 
lity  may  be  noticed  even  in  the  "" 
embrj-'o. 

The  tmtllB  papiUvB  of  the  skin  have  been  already  describ^fl  in  §  13G 
They  are  to  be  found  over  the  whole  extent  ef  the  Utter,  hut  present  con- 


Fl  R.  165,— V«tle»l  Kftlon  of  h  urn  i^      '  i :  "  n  (i^rlM«! 

Uniinffi  «r  the  «pidttnnit;  b,  i-  '-     ht^lnw 

thli  tliB  corium   U  ■ffu  fonni.  *t    a  •itI 

f*  iw^at  |;l:inrlii,  mud  tht^lr  dtM?r»  t  «nd/;  «C  vtmeUi  U 
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BkleiaLla  vamtj  among  themselve«  as  to  position,  sizö,  and  shftp«  (ßg 
565).  In  certain  localities — a«,  for  inÄtance,  in  the  palmar  aspect  of 
the  Imml— tht7  are  frequently  aggregated  in  sniall  groups  arranged  along 
the  ridges  of  tl»e  corium. 

At  other  epota  the  grouping  is  more  irregular»  and  the  papillse  aie  flomo- 
times  found  widely  scattered,  at  others  crowded  together.  Their  sixe  d» 
varies  greatly.  The  longest,  rising  to  0'1505,  or  even  0  23  mm,,  are  to 
he  fouud  on  tht*  volar  aspect  of  the  hand,  the  sole  of  the  foot,  and  nipple. 
The  most  usual  length  of  the  papillae  is  0^1128-0*0564  mnL  ;  hut  amaJl 
exianiple«,  auch  aa  those  found,  for  iüstanee,  in  the  face,  may  not  maaaor« 
mor«  than  0-0451-0'0377,  or  even  less.  The  largest  of  them  are  conical  or 
longue-ftliaped^  but  the  smaller  are  truucatedj  or  merely  slight  elevatioTm. 
Besides  thö  simpler  papillae,  there  exist  also  eoropound,  that  is^  broader 
—  9,  running  into  two  or  more,  rarely  three,  i>ointa  (fig*  506  in 


v^Uetl  Mecftoin.   Munt  mit  «Dpjtlkd  t«  Uh  i afcnUr  loopi,  lomc  wlUi  lucAUc  cfjtpOMtXv^ 

the  middle).     We  hare  before  8poken  of  their  apparently  homt^oe 
aubetratum,  §   136*     Their  surface,  further,  ia  thrown  into  ridges 
fiuTowa,  giving  to  the  whole  a  toothed  appearance  (Memn^). 

Wg  have  a  beady  said  aa  much  as  necessary  in  regard  to  the  mns&i] 
elements  of  the  skin  {  163,     Bands  of  these  pass,  as  we  have  le 
recently  from  J.  Neamann^  from  the  upper  part  of  the  cutis  into 
panniculus  adtposuSf  dividing  frequently  in  their  course^  and  sending« 
both  vertical  and  horizontal  bundles.     There  occur,  besides,  both  ahof 
and  below  the  perspiratory  glands,  horn&ontal  muieular  branches^ 
ally  in  the  hairy  part  of  the  scalp:  these  probably  belong  to  the  arrtd^n 
piU  (§  212).     Finally,  beneath  the  tactile  corpitgcles,  especially  thcNie 
the  icalp,  and  on  the  extensor  aspect  of  tlie  limbs,  are  to  be  found  othe 
sets  of  band«  of  unstriped  muscle.      In  diHerent  individuals,  howeve 
conBiderable  variety  exists  in  this  respect. 

The  t^aseular  ndwork  of  the  skin  eomraences  in  the  Ruhcutameoa 
areolar  tiitsue  in  the  form  of  round  moshes  enclosing  the  fat  cells,  aiid 
eapOlary  interlacementft  around  the  hair  folliclcti  and  convohited  ends  of 
the  perspiratory  doct»  (fig.  567,  c).  In  the  corium  itself,  we  encounters 
very  complicated  ple^cus  of  fine  capillary  tubes,  0  0074  to  0-1  lli  mm.  ia 
diameter.  These  spread  out  horizontally,  and  supply  the  grt^ater  part  uf 
the  papillse  with  loops  on  an  average  0*0090  mm.«  except  at  those  points 
where  some  of  the  papilUi;  contnixi  tactile  corpUiScleSy  in  which  case  the; 
are  without  veaaels  (|  185). 

The  iijmphaiic«  of  tiiB  ^kin,  known  to  earlier  ohserveis  as  very  dense 
networks,  have  recently  been  closely  studied  by  T€i€hm€mnf  and  mote  m 
still  by  Niinmu/in, 

Jn  the  corium  these  present  a  system  of  tubes  |K>si^ssiiig  inde|>t*ndent 
walJ^  and  arranged  in  two  different  dense  networks,  a  deeper^  of  coarser 
canals  with  wider  meshes ;  and  a  more  superficial,  of  finer  paa^gea  witlt 
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closer  meshes.  The  lymphatics  of  the  cutis  vera  do  not  contain  valves, 
which  first  appear  in  the  subcutaneous  areolar  tissue. 

The  arrangement  of  these  vessels  varies  much  in  the  different  localities. 
Here  and  there  blind-ended  offshoots  of  varying  thickness  are  met  with. 
In  the  papillse  of  the  skin  the  lymphatics  present  sometimes  single  tubes, 
sometimes  loops. 

The  several  complementary  structures  of  the  skin,  as  the  hairs  with 
their  sebaceous  follicles  and  the  sweat  glands,  all  possess  their  own  special 
lymphatic  vessels;  even  the  fat  lobules  are  surrounded  with  looped 
canals.  The  lymphatic  vessels  are  very  highly  developed  in  the  sub- 
cutaneous areolar  tissue. 

The  various  parts  of  the  body  present  considerable  difference  as  to  the 
number  of  these  vessels  to  be  found.  The  parts  which  seem  to  be  most 
richly  supplied  with  them  are  the  scrotum,  labia  majora,  palms  of  the 
hands,  and  soles  of  the  feet 

The  arrangement  of  the  Jierves  of  the  skin  in  plexuses,  which  constitute 
the  latter  one  of  the  apparatuses  of  special  sense,  has  been  befooe  touched 
on  in  the  second  part  of  our  work.  We  refer  to  §§  185  and  187  for  a 
description  of  the  several  modes  of  termination  of  the  nerves, — in  the 
first  place  in  the  tactile  corpuscles,  and  then  at  other  points.  In  §  184 
the  scattered  observations  on  the  occurrence  of  the  end  bulbs  of  Krause 
are  mentioned. 

The  development  of  the  epide^inis  in  the  embryo  has  been  already 
treated  of  at  p.  159.  The  cutis  still  consists  entirely,  according  ioKoel- 
likeTf  in  the  fourth  and  fifth  month  of  human  intra-uterine  life,  of  collec- 
tions of  round  and  fusiform  formative  cells,  and  has  a  thickness  of 
0*01 35-0*0226  mm.  In  the  third  month  the  subcutaneous  areolar  tissue 
may  be  distinguished,  and  both  layers  are  of  about  the  same  depth. 
Both  together,  including  the  cuticle,  measure  0*1353  mm.  A  month 
later  the  first  lobules  of  fat  may  be  remarked,  and  in  the  sixth  month  the 
papillae  make  their  appearance,  the  corium  having  attained  a  thickness 
of  1*13  mm.  and  upwards.  In  the  new-bom  infant  the  panniculus 
adiposus  is  particularly  strongly  developed. 

§302. 

The  glandular  structures  which  lend  to  the  skin  the  character  of  a 
secretory  organ  are  of  two  kinds,  perspiratory  and  sebaceous. 

The  sweat  glands  (glandulce  sudoriferce^  figs,  565  and  567)  have  been 
before  dealt  with,  as  far  as  relates  to  the  differences  of  size  and  structui*6 
observed  among  them  (p.  357). 

The  convoluted  portion  with  which  they  commence  is  situated  either 
in  the  deeper  parts  of  the  corium,  or  more  generally  in  the  subcutaneous 
areolar  tissue,  deeper  than  the  hair  follicles,  and  surrounded  by  the  fat- 
cells  of  the  panniculus  adiposus.  The  excretory  duct,  long  or  short, 
according  to  the  thickness  of  the  corium,  perforates  the  latter,  passing 
between  the  papillae  into  the  epidermis.  In  this  course  it  frequently 
twists  and  turns  spirally,  especially  in  the  cuticle.  The  mouths  of  these 
ducts,  on  the  surface  of  the  skin,  are  of  microscopical  minuteness,  with 
the  exception  of  those  on  the  palm  of  the  hand  and  sole  of  the  foot, 
which  are  wider  and  funnel-shaped.  Here  they  appear  as  rows  of  small 
dots  upon  the  ridges  of  the  skin,  whereas  in  other  localities  they  present 
themselves  in  irregular  groups.  Internally  the  glands  in  question  are 
lined  sometimes  with  a  single,  sometimes  double  layer  of  round  or  poly- 
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Fid*  ßfl?.— :*adrjrlAe  glwiil  fmin  tli«  bumui  tKlng.  a,  con- 
VA^tuLt-il  p^rtlün  pniTGund^'d  by  the  radicaii  of  tcdoub 
ve««elA;  c,  bukeMiko  pjcims  of  cApillarlet  from  uouuü  a 
coDvalutlon,  wUb  Arterial  twig* ;  b^  tsxcreU^iy  duct. 


gonal  gland-ctlls  of  rather  small  aUe,  rangittg  from  O'OllS  to  0^0157  mm* 
in  diameteTj  and  containing  in  their  interior,  as  a  rule,  niolecuJes  of  m 
brownish  pigment  and  of  neutral  fata. 

The  space  in  the  axis  of  tlie  ttjl>e  is  filled  either  with  a  more  or  le*s 

transparent  £uid,  destitute 
of  granular  inntter,  or,  as  ij 
the  cape  with  tlie  IsiTger 
convoluted  glands^  with  a 
thick ish  matter,  rich  iii 
molecules  of  fats  and  iJhu- 
minous  subatances,  which 
has  its  source  in  a  hursttng 
of  the  gland-celk,  find  m 
some  instances  nearly  re- 
sembles the  fattj  secretions 
of  the  allied  ceruminoui 
glands  of  the  ear  or  rae«- 
**^f^^^/^  mose  sebaceous  fp|liele$, 
The  hhod-v^ifseh  are  dis- 
posed around  the  eon  volu- 
tions of  these  ort^^ana  ill 
delicate  basket-like  capil 
lary  networks,  e,  e.  Aparf. " 
from  a  dense  network  fif 
nerves  surrounding  th<? 
capillaries  of  the  sudorific  glands  (Tomsa),  no  specitü  scerffftrr/  n^rees  am 
known  for  the  or^n,  although  the  agency  of  the  nervous  system  ia  tbo 
mechanism  of  absorption  is  very  probable. 

Budoriiic  glands  occur  over  the  whole  surface  of  the  human  skin 
whether  covered  with  hair  or  no^  with  the  exception  of  a  fow  limited 
spots.  Tiiey  are  liable,  however,  to  vary  considerably,  both  in  regard  to 
grouping,  size,  and  number,  in  dilforent  localities.  On  the  ridges  of  ekiti 
in  the  palm  of  the  hund  and  sole  of  the  foot  they  are  arranged  with 
regularity  in  rows.  It  is  most  usual,  however,  to  find  them  in  small 
irregular  groups,  separated  from  one  another  by  small  tracts  of  skin  quite 
free  of  glands.  On  the  lip  they  extend  *  as  far  as  the  red  edge,  and  od 
the  nose  to  tbe  entrance  of  the  nostrib ;  on  the  penis,  again,  as  far  as  the 
Iwrder  of  the  external  skin  of  tho  prepuce  ;  and  on  the  pudenda  to  the 
limits  of  the  outer  integument.  Over  the  whole  body  almost,  the  smaller 
species  of  glands  alone  present  themselves,  while  the  large  tubules  of 
more  complex  constitution  appear  in  the  axilk  only,  erowded  togetb<^r 
and  forming  a  regular  stratum.  We  are  indcsbted  tu  Kraum  for  some 
YHTj  interesting  calculations  in  regard  to  the  nutnber  of  the  sudorific 
glands  in  different  localities.  Whilst  on  the  back  of  the  neck|  hack,  and 
nates,  417  on  an  average  may  be  found  in  Q'',  the  cheeks,  for  instance, 
have  648  ;  the  inner  surface  of  the  thigh  and  lc?g,  576  ;  the  forearm 
externally,  1093,  internally,  1123;  the  breast  and  belly,  1136  ;  the  fores- 
head,  125&;  the  dorsum  of  the  hand,  1490;  the  palm,  273G  ;  and  the 
sole  of  the  foot,  2685,  Thus,  computing  for  the  whole  surface  of  the 
body,  this  observer  estimates  the  total  number  of  these  glands  at 
2,381,243,  ^o  doubt  this  is  subject  to  great  variation,  ax;cording  ti>  thdJ 
individual  The  mode  «^f  origin  of  the  glandulce  sudoriferas  has  been 
referred  to  before  at  p>  3 GO. 
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The  thickish  fatty  nature  of  the  secretion  of  the  axillary  glands  hardly 
warrants  the  application  to  them  of  the  term  "sudorific"  with  any 
degree  of  propriety  ;  they  require  some  special  name  just  as  much  as  the 
glands  of  the  external  ear. 

Eecently  a  ring  of  very  large  sweat  glands,  lined  with  columnar  epithe- 
lium, has  been  described  as  surrounding  the  opening  of  the  anus  by  A, 
Gay^  by  whom  they  are  named  the  " circumanal  glands" 

The  glandtdcB  ceruminoscBf  closely  crowded  together,  are  seated  in 
the  cartilaginous  portion  of  the  external  auditory  meatus.  They  present 
the  same  structure  as  the  ordinary  sweat  glands,  with  convoluti9n8  of 
0*23-1*69  mm.  in  diameter,  but  differ  from  them  in  possessing  short, 
almost  straight  and  never  spiral,  excretory  ducts.  The  gland-cells  of  the 
convoluted  portion  contain  granules  and  drops  of  fatty  matters  with 
molecules  of  a  brownish  pigment j  which  communicate  to  the  secretion  its 
well-known  colour. 

The  cerumen  aurie^  a  yellowish,  thick,  and  bitter  substance,  presents 
under  the  microscope,  beside  epidermal  scales,  granules  and  globules  of 
an  ordinary  yellow  fat,  molecules  of  a  brown  pigment  just  mentioned 
(either  separate  or  aggregated),  and  large  cells  filled  with  oil  globules, 
which  in  the  opinion  of  Koelliker  may  be  derived  from  the  sebaceous 
glands  of  the  neighbeurhood. 

According  to  an  analysis  of  Berzeliiu,  the  cerumen  of  the  ear  contains, 
besides  epidermal  scales,  a  soft  fat,  a  yellowish  substance  soluble  in 
alcohol,  and  bitter  to  the  taste,  but  which  has  nothing  to  do  with  the 
constituents  of  bile  (Lehmann),  extractive  matters,  potash,  and  lime  salts. 
Pitrequin  found  also  a  potash  soap  here.  In  fact,  potash  is  almost  the 
only  alkali  present  in  the  cerumen  ;  only  traces  of  soda  and  lime  are  to  be 
found. 

§303. 

Part  of  the  water  contained  in  the  skin  is  continually  exuding  through 
the  bard,  dry,  epidermal  scales  over  the  whole  surface  of  the  human 
body.  This  process,  which,  although  varying  in  intensity  at  tiroes,  may 
nevertheless  be  regarded  as  a  constant  one,  is  known  as  per$piration. 
The  sources  of  this  moisture  are  in  the  first  place  the  blood-vessels  of  the 
papilbe,  and  the  transuded  tissue  fluid  of  the  latter,  and  then  the  aqueous 
contents  of  the  passages  of  the  sweat  glands,  which  also  exhale  fluid  from 
their  surface.  How  much  is  to  be  set  down  to  these  sources  re^npectively 
is  still  a  matter  of  doubt  According  to  C.  Kratue  the  largest  proportion 
b J  lar  is  derived  from  the  bodies  of  the  papiike.  We  are  indebted  to 
this  obeerver  for  the  discovery  that  homy  epidermis  is  almost  impervioms 
to  water  in  such  a  condition  that  it  will  form  drops,  but  permeable  to  all 


In  eontrast  to  this  constant  and  purely  physical  procfiM  (*i  evapfj^ation 
of  the  water  of  the  akin,  there  is  another,  which  is  only  periorli^Ify  active, 
namelT,  the  gemerakitm  of  tvceai,  the  efflux  of  water  in  the  condition  of 
drops  fimn  the  innnmeraUe  orifices  of  the  sudorific  glandii,  in  which  the 
ieoialed  globales  form  by  confluence  larger  drop«  upon  the  greasy 
(  of  tlie  skin.     Both  processea,  however,  are  frer|fiently  merged  into 


Tbe  amoant  of  water  which  the  body  loses  throfxgh  the  jikin  varies 
naftanllj  at  different  periotia.  It  nuiy  be  estimate],  accord iri;(  Xff  Kranm^ 
at  fitom  8  to  9  himdred  grammes  per  diem  on  ^n  average,  ttith  extremen 
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as  high  as  650  to  1500.  We  eee^  tlien»  that  tbe  excretion  of  wat^r  tliroa^Jig 
the  kidneya  (§  274)  exceeds  that  of  the  skin  in  general,  aod  further,  that 
but  a  small  amount  of  the  products  of  decotn position  escape  through  the 
latter.  The  amount  of  moisture  eliminated  by  the  ekin  is,  however,  far 
more  tlmu  that  exhaled  from  the  surface  of  the  lungs,  which  im  only  from 
5  to  7  hundred  grammes  in  twenty-four  hours.  Further  details  on  thii 
auhject  may  l>e  left  to  physiologiata. 

The  chernieal  analyses  which  have  been  hitherto  mad^  of  the  wntefy 
secretions  of  the  skin  have  been  directed  partly  to  the  Huid  exhaied  i>vet 
the  ^urface  of  the  body,  and  condensed  there  in  drops  again ;  partly  to 
the  water  welliiig  from  the  perepiiiitory  glands  themselves  in  the  form  of 
drops  ;  and  lastly,  towards  both  together.  To  this  mixturej  then,  the  tenn 
sweat  ia  generally  applied* 

The  mßcuf'  (sudot')  always  contains  an  admixture  of  caät-off  epithelial 
scales  and  fatty  molecules,  wliiüh  last  are  derived  partly  from  tbe  m\m- 
ceotta  matter  of  the  akin^  partly  from  the  contente  of  the  convoluted 
glands.  Otherwise  the  aecreticm  is  quite  devoid  of  form  elements  of 
every  kind. 

It  is  a  clear,  colourless  fluid,  tiormally  of  acid  reaction  when  fresh,  hut 
becomiug,  after  some  time^  neutral  or  even  alkaline*  Its  ta^^te  is  usually 
aalty,  and  smell  more  or  less  intense,  and  dependent  on  ti!;e  pre^nce  of 
volatile  fatty  acids. 

Tlie  proportion  of  solid  constituents  is  small  but  vsriahfe,  decröasing 
relatively  with  the  amount  of  water  excreted  :  it  may  bo  etaied  at  0*5-2 
per  cent,  of  the  latter.  They  consist  of  both  organic  and  minetal  matleiH. 
To  the  first  belong  several  members  of  the  volatile  fatty  acid  series  (p. 
24),  and  prominent  among  them  fonnic,  htdtjfnc^  and  aeetit.  acids,  Tli« 
presence  also  of  mftatr^tont  mpromc^  cajm/llc,  and  eaprhti^^  acids  is  at 
least  probable.  But  there  can  be  no  doubt  that  we  have  here  to  deal 
with  a  verj'  variable  fluid,  which  is  indicated,  among  other  things,  by  Urn 
different  odour  of  the  perspiration  of  various  parU  of  the  body,  as  well  as 
of  diflerent  races  of  men»  such  as  that  of  Europeans  and  negroes*  Accord- 
ing to  Favre' H  observations,  further,  a  peculiar  acid  may  be  demonslrfltod 
in  sweat,  which  he  has  named  Jujdroihilc  acid  {p.  36), 

Hecent  observation  has  shown  also  that  sweat,  even  under  normal 
conditions,  contains  lo'ca,  to  the  presence  of  which  substance  tha  mpid 
change  in  the  reaction  of  the  secretion,  combined  with  the  development  of 
ammonia,  may  be  ascribed.  In  mbrhid  conditions  of  the  system  also^ 
induced  by  impairment  of  the  functions  of  the  kidneys,  this  compoimd 
may  be  excreted  largely  by  the  akin.  Among  the  other  widely  diffiiscfl 
animal  bases  none  have  been  demonatrated  here  as  yet. 

Neutrat  fai  is  likewise  a  constant  constituent,  and  diolestetmn  hau 
also  been  met  with  {Bchuttin).  Leubc  also  met  with  a  peculiar  alhu- 
mi  nous  substance  here» 

Under  abnormal  conditions  the  hilimn}  pi/fment^  may  also  appear  in  tho 
sweat. 

The  mineral  matters  found  here  consist,  besides  iron  and  phospliate  of 
calcium  {derived  from  the  epithelial  cells),  principally  of  chlorides  of  the 
alkalies,  and  above  all  of  sodium  ;  then,  again,  email  quantities  of  phos- 
phates and  sulphales  of  tbe  alkaline  salts.  Finally,  free  carbonic  acid  it 
mot  with  here,  and  sdts  of  ammonia,  due  to  decomposition. 
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5  304. 

The  $ehaceou$  f^kmth  (fi^*  5G8),  email  sinicturea  mcludtid  in  the  mm- 
mose  classj  are  tu  be  foüml  likewise  almost  eyery where  over  the  whok 
surface  of  the  ekin,  althtja^rh  less  extensively 
diBtnbuttiil  than  the  sweat  tuhulea. 

Their  sfci-etio»  m  esse lUi ally  a  fatty  one 
{fi^,  5G9)  ;  its  mode  of  origin  has  been  already 
tmatod  of  at  §  \W. 

The   seha^eons  glands,  always  seated   in 
the  corium  itÄelf,  and  never  iii  the  subcu- 
taneous  areolar  tissue,  are,  aa  a  rule,  as&fv 
ciated  with  the  presence  of  the  large  and 
small  haim  of  the  body,  into  whose  folliclea 
they  ernptj  themselves,  either  singly,  donbly, 
or  in  jjreater  number.      While  in   relation 
to  the  krger  hair  foUicles  they  appear  but 
aa  lateml  appendages  to  tho  same  with  the 
downy  hairs,  the  case  is  altered,  the  hair  fol- 
liclaa  of  the  laltt^r  seeming  but  appendages 
of  the  glandular  organa.    In  addition  to  these 
ifibac^oa  glands  connected  with  hairs,  the 
exiJit  others  found  only  on  bald  ports  of 
the  body,   whicli  pour  out  their  fi^cretion 
directly  on  tho  surface.     The  naked  parts  of 
the  skin  are  almost,  without  exception,  des- 
titute of  them,  suck  as  tlie  palm   of  the 
hand,  sole  of  tho  foot,  and  last  joints  of 
both  fingers  and  toea.     On  the  whole  these 
are  not  widely  distributed,  and  only  occur 
in  eertain  parts  of  the  sexual  organs,  namely, 
on   the    prepuce   and  glans   penis    (known 
there  aa  the  glands  of  Tymn\  and  on  the 
labia  minora  of  the  female. 

The  structure  of  the  sebaceous  glandis, 
which  range  in  diameter  from  0'2  to  2  2 
mm»,  is  very  diJfeTent  in  diiferent  caseit. 
When  small  and  simple  their  forni  is  that 
of  a  wnde,  shallow  ^ae.  Others,  tigain,  are 
found  at  whose  Iow*er  ends  isolated  buds 
commence  to  present  themselvejs,  which  be* 
come  more  and  more  frequent,  acquiring 
eventually  in  some  eases  a  flask-like  form 
{fig.  56^,  A)t  and  in  others  a  more  globular 
«tmpe*  These  gland  vesicles,  whose  length 
IS  conseriuently  very  various,  differ  also  con- 
siderably in  transverse  measurement,  ranging 
from  0  ()ri64  to  0-0751  mm.,  or  even  0^2256 
mm.  The  largest  are  observed  on  the  nose, 
serotum,  nions  veneris,  and  labia  majara. 
The  envelope  of  the  vesicles  and  excretory 
passage  is  not,  as  is  the  case  with  most 
glands,  a  transparent  structureless  membrane,  but  contists  of  streaky  com- 


^ 
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Ftjt.  M9^jl,  the  v^ilrlfl  of  a  §Ab»- 
cestui  gUnd,  o,  i%>t  gla,nA  ci4Ir 
next  thfi  mtil;  t^  fnti~o1f  elenivnit 
All  tan  <sfttit7  on  It«  T^jtlcle.  tnd  ctm* 
tftlnlne  oUy  mftrteri,  A.  rhr  sum« 
ctrlls  men  tttmagiy  nift^nitttA,  »* 
0ma.ll  etemehti  WJonjchnit  10  t1i«i 
^t\\^  md  poor  to  fat;  &,  Urj^^^r 
rttrhly  aUtil;  c,  a  etU  with  l«r£« 
corvflmem  jjUiliwl";  <  «noihcr  *rUU 
ft  »liiigle  djfDp  uf  If  iL 
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nectiv^tiasna     As  a  rule  we  fine!  no  blood -Tefißels  about  the  body  of  Ih 

gland,     Tbe  process  of  soeretion  in  the  latter  appears  to  be  of  a  very  hw ' 
order,  but  nctive  enoogh  to  meet  all  the  functionaJ  requirements  of  the 
organ,  which  ia  designed  to  commmiic^to  to  tha  hail«  and  surfiiee  of  ih« 
fikitt  &  certain  slight  degree  of  oil  in  ess. 

The  secretion  itself,  sebmji  cuiaTwum,  when  fresh,  is  a  thick mh  oUj  tub 
stance,  which  stiffens  after  some  time  like  lard  which  has  been  he 
Ita  form-elements  (B),  funnd  together  with  cast-off  epidermal  scdes  ill 
variable  amount,  have  been  described  at  p,  352,     ChemicalJy  tho  ma^tl 
consists — apart  from  slight  differences  dependent  on  locality — of  a  kfgM 
proportion  of  neutral  fats  in  addition  to  ioapy  material,  rJtol&si^arm^  %m 
a  protein  suh4anc€.     Among  its  inorganic  constituents  the  cldoridtis  i 
phosphates  of  the  alkalies  appear  in  small  proportion,  but  the  oarthf'^ 
phosphates  in  considerahle  amouat. 

The  (levtlojmteni  of  the  sebaceous  follicles  takes  place  from  the  external 
celMayer  of  the  skin  like  the  sudorific  and  mammary  glands  ;  it  is,  how- 
ever,  usually  linked  with  that  of  the  first  rudiments  of  tbe  hairs,  aJwl^ 
taay  be  remarked  in  the  fourth  or  fifth  month  of  fa^tal  existence- 

At  first  these  glands  present  themselves  in  the  form  of  solid  buds  on 
tlie  rudimentary  external  root  sheaths  (p.   390),  priniÄrily  of  globtihir 
figure,  and  eubscquenlly  flask -like.     These  buds  are  produced  by  pnilifei»»^ 
tion  of  the  formative  cells  of  that  sbeath  just  mentioned.     A»  KoeUik 
has  pointed  out,  there  very  soon  couiraencea  in  the  axis  of  this  simplfj 
formed  sebaceous  gkud  a  fatty  degeneration  of  its  contents^  so  that  thii 
little  organ,  even  at  tliis  early  period,  abeady  exhibits  the  chamcteFisiic 
teatures  of  its  secretory  process. 

The  further  changes  destined  to  convert  this  simple  ilask-shaped  sa«! 
into  a  plain  or  complicated  racemose  gland  begin,  on  the  other  hand,  at  i 
comparatively  lata  period,  namely,  in  the  later  months  of  intmutcrins 
life.  They  depend  upon  a  multiplication  of  the  peripheral  cells  causiug 
new  gemmation  at  the  surface, — a  process  which  is  not  completed  tit  the 
time  of  birth ^  and  by  the  continuation  of  which  the  complicated  lohulated 
form  of  many  of  the  sehacoous  glands  in  gradually  perfected, 
Eem AßKS.— (L )   Tßdd  and  Bomnann,  voh  L  \k  421. 

§  305, 

As  regards  the  mode  of  termination  of  the  tfustutonj  netveso/ifte  i\ 
our  knowledge  is  still  scanty  and  unsatisfEictory.  The  organ  itself  ha«, 
been  considered  at  greater  length  in  speaking  of  the  digestive  apparatui 
(§§247,  248).  Much  advance,  however,  has  been  made  of  Ute  yrmr»  tn 
increasing  our  stock  of  facts  relating  to  this  question. 

In  the  circumvallate  papiüas  of  the  human  and  mammalian  tongus, 
peculiar  terminal  apparatuses  were  discovered  almost  at  the  same  time, 
and  independently  of  one  another,  by  I^ven  and  Sf^hwail^,  for  which  tU« 
name  of  *'■  tjmtaiori/  ^iffo,"  chosen  by  the  first  of  these  obeerverft,  tecoiii- 
mends  itself  most  The  term  "  taMeeujJS^''  proposed  by  Schtäizet  appears 
less  suitable.  Here,  again,  Emjtlmann  and  Wyi^  boUi  found,  iuilepen- 
dently  of  each  other,  an  analogous  gustatory  organ  on  tbe^side  of  the  root 
of  the  toiigue  in  the  rabbit,  a  plieateil  body  presenting  similar  **  gustatoij 
buds*'  represented  in  our  woodcut-  This  is  known  as  the  *^papir 
foliata." 

These  papillie  fohatse  also  occur  in  the  human  tongue.     They  arc  seated 
immediately  before  the  bases  of  tha  pillars  of  the  urcm  glusmpalaiifmB^ 
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are  several  miUliuetres  across,  and  praaent  five  longitudinal  ckfts>  wbkh 
contain  numerous  gustatory  buds  (Kvati^), 

The  crown  and  side  walla  of  the  cirtrum vallate  papillae,  with  tbe 
internal  surface  of  the  sunounding  ridge  tjf  luucoug  m umbra nc,  are 
clothed  with  a  thin  layer  of  the  oniiiiary  ftuttened  epithel lum  of  lite 
tongue.  Kow  it  is  principally  tbe  side  walls  of  tlie  papiik*  (Itg.  570),  btU 
not  unfreguently  the  inner 
aspect  likewise  of  the  en- 
circling ridge  (the  crown  of 
the  papillai  never)^  which 
present«  tbe  terminal  struc^ 
tures  just  mentioned.  These 
are  pear-shaped  or  bud-like 
oi^gans  which  traverse  the 
whole  tlnckness  of  the  epi- 
thelial coverings  and  present j 
acenrdin^  to  the  animal  examined,  a  jilunip,  or  slender  fignre.  Their 
number  is,  aa  a  rule,  considemble.  In  length  tliey  attain  in  the  tongue 
of  the  ox»  0  1717;  in  man,  0*0810-0*0769;  in  the  deer,  hare,  and  dog, 
0  0729  mm. ;  in  the  rabbit,  0*0575  mm. 

Their  walls  consist  of  Üattened  lanceolate  ceUa  (tig,  571,  2  a)  arranged 
side  by  side  like  the  staves  of  a  cask,  or  the  sepals  of  a  ilower  bud. 
Above  these  supporting  or  encasing  celb  | 

convolve ;  below  they  are  narrowed  into 
ribband  dike  processes,  which  sink  into  the 
tissue  of  the  mucosa,  and  are  to  all  appear- 
ance connected  with  the  elements  of  the 


Fit.  «m— From  the  fitsntl  snMtAotf  OTfi.ii  of  the  n1>b1t 
Thfl  jniiktAtctty  r^i^  »re  nrpre*cBtisd  in  vertical  trmireiiM 
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The  apicea  of  the  gustatory  buda  (1) 
perfoi-ate  the  epithelial  covering,  and  lie 
naked  and  free.  Here  we  may  observe 
small  round  holes  arranged  with  consider- 
able regularity,  and  formed  by  the  bortlers 
of  either  several,  or  perhaps  two,  or  even 
of  one  single  cuticuiar  cell.  Through 
these  openings  delicate  terminal  filaments 
may  project  {Sckwalbt^), 

A  second  species  of  cell  (2  h)  h  now 
found  in  the  interior  of  the  gustatory  hud, 
enclosed  witliin  the  cortical  lamina  of 
encajging  cells.  These  elements  appear  in 
the  form  of  longitudinal  bundles,  and  ore 
known  as  *^ guetcUory  c^Jis.*'  A  fnsifonn 
nucleated  body  becomes  narrowed  above 
into  a  thin  rod  or  sptke,  and  is  fined  off 
"below  into  a  thread-like  process.  The 
ends  of  such  rods  project  at  times  to  a 
greater  or  less  extent  fixjm  the  opening 
of  the  gustatory  buds,  while  the  end  filaments  below,  on  which  varicositieb 
may  be  observed,  penetrate  into  the  tissue  of  the  mucous  membrane. 

Underneath  the  gustatory  buds  the  latter  is  seen  to  contain  a  pkxna 
of  pale  and  inedullated  nerve  fibres.  Immediately  under  the  epithelial 
covering  pale  single  or  dividing  terminal  filamenU  present  themselve«. 


fin,  sn^  —  1,  GnflAlory  tud  from  Ih« 
rmbblt.  3  a,  cncttlnff  celr»;  3  ^  rad- 
c^ii  f  t-^a,  rod-cell  wUh  fine  rennlDiü 
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Their  appearancia  l&  the  same  m  that  of  the  termind  filam^DtB  of  the 
gustatory  cells.  Fneion  with  ihe  latter  fibres  hm  not  hmn  jet  observed, 
however.  The  hid  Jen  position  of  the  gustatory  buds  withui  the  nam^w 
grooves  formed  hy  the  elevations  of  the  papillie  ©eeras  to  have  some  iigni- 
Hoance  in  regard  to  the  persiötejice  of  after-taste  eensations. 

The  mode  of  termination  of  the  nerves  of  the  paptllw  funijifurmu  u 
not  so  well  known.  L^vm  states  that  he  has  found  a  gustatory  bud  in  the 
centre  cf  the  Qiown  of  each  in  the  rat.     KratiM  also  Trientions  the  soma 

A  few  years  ago  some  poiuts  of  iDterei^t  in  regard  to  what  we  now 
know  to  he  similar  atriicturel  i-elations  in  the  tongue  of  the  frog  were 
put  forward  by  Ketj. 

The  tongues  of  frogs,  namely»  present»  besides  a  narrower  form  of  papilk, 
another  broader  apectea»  reminding  us  of  the  p.  fuft^i/anjies  of  mammals» 
On  these  we  can  i>etter  study  the  fitructural  armngement  of  sncH  parts. 

The  side  walls  of  these  broad  papilhe  are  clothed  with  columnar  eeila, 
the  edges  of  the  erowa  with  cuiated  epitheha.  The  surface  itself  of  tba 
crown,  on  the  other  hand,  is  covered  by  one  of  the  other  varieties  of 
epithelial  elements  destitute  of  cilia.  In  the  fii^t  place,  columnar  ceUs 
are  to  be  seen  giving  oft*  processes  below,  whiidi  anastomose  with  one 
another,  forming  thus  a  kind  of  network  iu  wliich  ht^rn  and  there  im- 
bedded nuclei  may  be  recognisedi 

But  between  these  cylinder  cellsjand  at  different  heights,  smaller  foüödish 
or  elliptical  elements  present  themselves«  with  relatively  large  nuclei 
Each  of  the-se  gives  off  both  above  and  below  a  process  j  the  first  aacendd 
to  the  free  surface  between  the  columnar  epithelial  elements  in  the  form 
of  a  slender  rod,  while  the  prcn^ess  extending  downwards  into  the  mocoüs 
membmne  is  but  an  extremely  delicate  tilament,  on  which  minute  vari- 
cosities may  be  recog:nified  eliamcteristic  of  the  finest  nen^e  fibrilltt?. 

In  the  axis  of  each  papilla  is  a  nen^ous  twig,  consisting  of  a  ftjw  brond 
meduUated  tubes.  At  the  end  of  the  twig  thtj  latter  axis  cylinders  split 
up  into  very  delicate  filaments,  likewise  varicose.  They  resen^ble  greatly 
the  end  fiiaments  of  the  last  species  of  cell  mentioned,  and,  according 
to  AV'^*^  statetneut,  may  be  seen  to  be  directly  connected  with  the  latter, 

With  some  show  of  reason,  this  coating  of  the  crown  of  the  papillae  of 
the  frog's  tongue  has  been  compared  to  a  superficiallj  unfolded  gustiit0i7 
bud  of  the  mammah  But  more  recent  iuvestigation  by  Enghmfmn  has 
put  the  correctness  of  this  comparison  again  in  question,  and  has  revealed 
to  us  a  greater  amount  of  complexity  iu  structure  here  than  was  at  first 
auspecteit  This  observer  notices,  in  addition  to  his  ^*l>owl  cells**  (the 
"cy  Und  era*'),  the  rod-bearing  structures  of  A>y,  to  wO^ich  he  gives  the 
name  of  "  cylinder  cells,'*  and  whose  nervous  nature  he  denies,  as  also  that 
of  the  bowl  cells.  Besides  these,  he  speaks  of  anotiier  peculiar  set  of 
elements,  however,  branching  both  above  and  below,  which  he  calb 
'*  forked  cells/'  and  which  he  regards  as  the  terminal  structures  of  the 
gustatory  nerves,  with  whoso  ax  is- cylinders  the  ultimate  ramüications  of 
their  inferior  jiroces*jes  are  coiitinuous. 

§306, 

The  organ  of  smeU,  to  tlie  consideration  of  wliich  we  now  paas  on, 
consists,  au  is  weil  known,  of  the  two  nasfil  foesm  and  accessory  cavitirs 
iu  connection  with  the  latter.  Besides  being  a  sensory  apparatus,  this 
organ  also  serves  as  a  passage  for  the  respiratory  system ,  and  a  canal  for 
the  reception  of  the  tearsw 
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But  the  whole  of  this  organ  does  not  participate  in  the  perception  of 
odours.  It  is  only  the  upper  portions  of  the  two  greater  cavities  which 
preside  over  the  reception  of  this  particular  kind  of  impressions;  the 
other  parts  are  either  accessories  in  the  process,  or  merely  endowed  with 
ordinary  sensation  through  twigs  of  the  trigeminus  nerve. 

That  portion  of  the  organ  designed  for  the  perception  of  odours  corre- 
sponds to  the  distribution  of  the  olfactory  nerves.  It  consists  generally 
of  the  upper  part  of  the  septum,  the  superior,  and  portion  of  the  middle 
turbinated  bones.  It  is  remarkable  for  its  yellow  or  brownish  tint,  better 
seen  in  the  mature  than  in  the  newly  born  animal,  and  but  slightly  pro- 
nounced in  man.  It  is  further  liable  to  vary  in  extent  in  different  indi- 
viduals, especially  of  the  human  species.  To  this  tract  the  appropriate 
name  of  regio  olfactoria  has  been  given  {Todd  and  Bowman).  The 
older  name  of  Schneiderian  membrane  may  be  retained  for  the  remainder 
of  the  mucous  surface  not  endowed  with  perceptive  power. 

The  bony  boundaries  of  the  organ  of  smell  need  not  be  described,  nor 
its  cartilages,  which  consist  of  hyaline  tissue. 

The  external  skin  of  the  nose  is  thinly  clothed  with  epidermis,  and 
contains,  together  with  a  few  sweat  glands,  a  large  number  of  sebaceous 
glands  of  considerable  size  (§  198).  In  the  anterior  nares  strong  hairs  are 
to  be  found,  known  as  vibrissoe,  designed  to  prevent^  to  a  certain  extent, 
the  entrance  of  foreign  bodies.  Internally,  the  coating  of  flattened 
epithelial  cells  extends  for  a  certain  distance  from  the  entrance,  and 
then  gradually  gives  way  to  a  slightly  laminated  ciliated  species  already 
alluded  to,  which  extends  from  thence  throughout  all  the  cavities  of  the 
organ.  Here,  also,  we  find  beaker-cells,  except  in  the  regio  olfactoria 
(Schulize). 

The  Schneiderian  membrane,  which  is  very  vascular  in  the  greater 
cavities,  differs  much  in  structure  in  particular  localities.  In  the  acces- 
sory cavities  it  is  thinner,  and  so  intimately  connected  with  the  surface 
of  the  bone,  that  its  submucous  tissue  plays  the  part  of  periosteum  to  the 
latter.  In  the  nasal  fossx  proper,  the  mucosa  attains,  on  the  contrary, 
greater,  and  at  certain  points,  very  considerable  thickness.  Here  it  is 
richly  supplied  with  racemose  mucous  glands,  which  only  occur  very 
sparely  in  the  adjacent  cells.  It  presents,  also,  in  this  region,  a  dense 
plexiform  arrangement  of  blood-vessels,  especially  of  veins,  to  which 
is  due  the  great  tendency  of  the  nose  to  bleed.  The  mode  of  ten^ina- 
tion  of  the  sentient  nerves  of  the  nose  is  still  unknown. 

Reicarxs. — Compare  Todd  and  Bounnan,  I.e.  vol.  ii.  p.  1,  and  SchuUzc.  Unter- 
suchangen  liber  den  Bau  der  Nasenschleimhaut,  namentlich  die  Stnictnr  und 
Endigungsweise  der  Geruchsnerven  bei  dem  Menschen  und  den  Wirbelthieren. 
Halle,  1862. 

§307. 

The  regio  olfactoria  (fig.  572,  left)  offers  for  our  consideration  a  very 
remarkable  and  extremely  delicate  tissue,  whose  constituents  are  peculiarly 
liable  to  suffer  early  from  decomposition.  For  our  present  acquaintance 
with  its  nature  we  are  particularly  indebted  to  Schnitze,  and  before  him, 
for  many  points,  to  Eckard  and  Ecker,  Apart  from  difference  of  colour, 
it  may  be  distinguished  from  the  surrounding  membrane  by  its  greater 
thickness,  and  dissimilarity  in  the  species  of  glands  it  contains,  as  well  as 
in  not  possessing  ciliated  epithelium. 

The  glands  in  question  {D)  have  been  named  by  Koelliker  after  their 
discoverer  Bowman  (§  189).     They  belong  to  the  tubular  species,  and 
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femiiiil  one  of  the  folliclet  of  Lieberhihn,     In  iho  eentmt  port  i 

regio  olfactr^ria  tbejr  present  themselves  in  great  numbe?,  'becii; 
scattered  towftnis  the  edge^  and  finiülj  dmppearing.  Their  fvin.  i  rut 
of  an  elongatcid  tube,  soniewhat  twisted  below,  and  of  varying  vaU  t^, 
gen^mUy  nurrowing  greatlj  at  the  mouth  (d).  Inteniall  j  thej  are  lin^i 
with  rather  laTge  gland-cells,  containing  usuaUj  a  considerable  quantity 
of  eiimll  yellow  qt  brown  pigment  molecules,  which  fact  explains;  t»  a 
certain  exkiut»  the  peculiar  tinge  of  the  olfectory  ref^ion.  These  gSandj 
of  linwTJumt  whose  existence  was  formerly  erroneously  denied,  are  to  b« 
found  in  all  the  lower  mammalia  (2),  and  are  not  absent  in  man,  allhoi 
they  take  the  form  here  of  a  kind  of  transition  to  ordinarj-  ra 
glands  (Fret/^  Schlaf ze).  The  secretion  of  B^AcmafCa  glands,  &s  rögardi 
com  position  and  physiological  sigaitit^nce,  has  not  jet  been  made  the 
subject  of  investigation- 

l'htiä^  we  find  the  olfactory  region  in  the  lower  mammals  and  human 
infant  {SchuUtfi),     In  the  adult,  alio,  spots  quite  destitute  of  cilia  me  to 


ü" 


A  MJWiuux  i'pUti*UQm  \  a,  line  of  nadel  i  h,  td  oUactirrj  fdti  t  c,  0f  «%■ 
BMilifT  JftJ'f^r  A^  ititjBümt  onttoAry  dJUttd  epUhellam ;  r,  booawi 
tMliPHa  ihfi  t«rQ.  C^  0Tiiliii«i7  ncemote  mtkcofii  (cLind.  Ä  iluKla  of 
Be/ama^,  with  excretorir  duct«,  4.  M.  a  bnuicU  of  tiie  uUftciety  aerr^, 
/  «Kcndlng  t«1f  ruDlffijfig  »t  ^. 

be  found,  which  varj,  however,  considembly  in  extent.  But,  nn  i^r 
certain  circumstanceai  the  whole  regio  olfaistoria  ht^  been  obaerved  tn  U 
clothed  with  ciliated  columnar  cells  (GtypM&fi«r,  LeytUg^  and  //,  Muikr^ 
Wthker,  Lmckk^x^  Henie,  with  Ehler»), 

When  we  take  into  considt-ration  the  varying  acuteness  of  the  B^aae  of 
imell  in  different  individuals,  and  also  tlmt  frequently  incurring  ealarrh 
niay  induce  changes  of  structure^  this  ne#d  not  surprise  us. 

At  the  border  of  the  regio  olfactoiia  the  ordinary  ciliated  epithelium 
gradually  terminates  (tig,  572  A),  giving  place  to  a  no  longer  kminaled 
covering  of  long  cylindrical  cells  (B),  These  (6g.  572,  B;  673,  \  m,  2  a) 
dwindle  down  below  into  thread-like  processes,  which  descend  into  the 
subjacent  connective-tisfue,  where  they  beconje  uidened  again,  and  ttntlör- 
going  division,  unite  by  means  of  their  branch«^  with  one  another.  In 
tMs  way  a  network  of  fibres,  or  rather  of  nmre  or  less  homogeneous  bands, 
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is  formed.  Between  these  cylindrical  elements  there  remain  naturally 
interstices,  which  serve  for  the  reception  of  another  species  of  cell,  to  be 
referred  to  again  immediately.  The  occurrence  of  particles  of  yellowish 
or  brown  pigment,  either  in  the  upper  broader  portion  of  the  columnar 
cells  (fig.  573,  2  a),  or  dee]>er  down  below  their  nuclei  (fig.  572,  c),  is 
peculiar ;  these  granules  may  not  unfrequently  be  seen  also  in  the  widened 
portions  of  the  processes  (tig.  539,  c).  The  foruier  is  the  case  in  man 
and  many  of  the  mammalia.  Like  the  contents  of  the  glands  of  Bmoman, 
these  coloured  particles  communicate  to  the  locality  in  which  they  are 
situated  a  peculiar  tint. 

Between  these  decidedly  epithelial  elements  (and  moreover,  in  all  verte- 
brate animals)  a  second  species  of  cell  presents  itself  (fig.  573),  different 
in  shape  and  composition,  and  of  nervous  nature.  These  cells  consist  of  a 
fusiform  body  (fig.  573,  1  ft,  2  6),  situated  deeper  down,  however,  than  the 
bodies  of  the  first  kind,  containing  a  vesicular  nucleus  and  finely  granular 
contents.  From  both  poles  of  each  of  these  nervous  structures,  as  they  are 
held  to  be,  these  olfactory  cells,  a  process  is 
given  in  opposite  directions.  The  descend- 
ing (fig.  573,  1  d,  2  (f)  is  of  extreme  deli- 
cacy, and  liable  to  undergo  early  decom- 
position. At  intervals  it  is  studded  with 
minute  varicosities,  recalling  to  mind  those 
of  very  fine  nerve  tubes  (§  176).  The 
ascending  process  (1  c,  2  c)  is,  on  the 
other  Iiand,  thicker  and  less  knotted, 
presenting  a  more  or  less  smooth  outline. 
It  has  the  form  of  a  slender  cylinder  or 
rod,  0001 8  or  0-0009  mm.  in  diameter, 
reminding  us  of  one  of  the  elements  of 
the  retina,  to  be  referred  to  presently. 

These  rods  mount  up  between  the 
columnar  epithelial  cells  to  the  surface 
of  the  mucous  membrane,  terminating 
here  in  various  ways.  In  the  frog  and 
allied  amphibians  (in  which  they  may 
be  easily  seen),  they  are  surmounted  at 
their  free  extremity  (fig.  573, 1  e)  by  a  set 
of  delicate  hairs  of  considerable  length,  in 
a  certain  number  of  which  ciliary  motion 
has  been  observed,  while  others,  gene- 
rally the  longest,  remain  q\iite  stiff.  These 
two  kinds  of  ^^  olfadonj  filamerUs'^  appear 
to  be  linked  together  by  intermediate 
forms.  In  other  amphibia  and  birds 
very  similar,  and  in  certain  cases,  even 
longer  hairs  are  to  be  found,  either  in 
large  numbers  or  single  (Schultze) ;  none 
have  been  observed  among  the   fishes. 

mammalia  also,  we  may  seek  in  vain  for  these  paradoxical  cilia.  Here 
we  only  remark  small  appendages,  about  from  0  0023  to  0*0045  mm.  in 
length,  seated  on  the  extremities  of  each  rod  (fig.  573,  2  e),  and  projecting 
beyond  the  ends  of  the  columnar  celb ;  these,  however,  are  only  artificial 
productions. 

40 


Fiff-  578.— 1.  Cells  from  the  rtgio  offiutoHa 
of  tlie  frofr.  a.  an  epitheliam  cei! 
dwindling  below  InUi  a  ramifying  pro- 
cew;  ft,  olfactory  cells,  with  descending 
fbres  d;  periplieral  rods  c,  and  loni; 
cilia,  e.  3.  Cells  trt>m  the  same  locality 
in  man.  The  letters  and  description  are 
the  same  here,  only  tliat  little  (srtiflcial) 
appendages  appear  at  e.  upon  the  tip«  of 
the  rods,  3.  Nerve-flbres  of  the  olfac- 
torius  from  the  dog,  bieaking  up  at  a 
into  fine  flbrilUe. 

In  man,  and  the  rest  of  the 
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In  order  the  better  to  understand  the  nature  of  these  remarlcable  olj 
iory  calls,  we  must  now  make  ourselves  acquainted  with  the  armi^iiieiit 
of  the  branches  of  the  fet  cerebral  nerve. 

In  one  of  the  foregoing  sections  (§  299)  we  have  alreaiJy  d&acnbed  the 
olfactory  lobes,  and  se^n  that  the  nen^ee  of  sceat 
take  their  origin  from  peculiar  lumpy  masses  in  the 
lower  surface  of  the  latter,  in  the  form  of  bundles  of 
pale  fibra?.  A  few  dark^ged  fibres^  wliich  hav* 
been  met  with  by  Eemak  and  Sehullze  in  the  olfac* 
tory  nervea,  are  probably  derived  from  aiiaatomosis 
with  the  trigeminus* 

The  true  olfactory  fibres  are  pale  element«^  0  0045- 
0  0074  mm.  in  thickness,  enclosed  within  a  Qucitsateiil 
a  beat  h.  T  he  contents  of  th  e  latter  are  n  ot  consti  Ui  ted 
by  a  single  axis  cylinder,  however,  but,  as  was  found 
by  Schuitze^  by  a  bundle  of  extremely  delicate  vari* 
cose  primitive  fibrilla;,  0'0Q23-O00O2  mm,  in  dJÄ- 
meter,  presenting  a  secondary  nucleus  foriii.ilJuri 
(comp.  §  175),  Similar  fibres  are  to  b©  fouinl 
in  the  grey  matter  of  the  bulbus  oLfactorius  (IFWfer, 
Schnitze), 

In  the  mucous  membrane  of  the  regio  olfactoria 
several  other  bundles  may  he  recognised  (fig,  572, 
Ef  /).  These  spring  at  acute  anglea  from  branci 
of  the  olfactory  twigs,  and  give  origin  in  their  fimh 
course  to  the  true  (complex)  üerve  tubes»  The  laiti 
are  for  a  short  distauce  enclosed  within  their  nu- 
cleated sheaths,  untÜ  eventually  the  delicate  vaiicoes 
fibritlBe  of  the  interior  stt>eam  out  free  intn  the  tissues 
around  {Schallte). 

The  mode  in  which  these  tilametits  ultimately  ter- 
minate is  not  yet  fidly  ascerLained,  It  seems,  how- 
ever, extremely  probable  ikui  the  vartco^my  fibril fm 
are  coJdinttoHs  with  the  desc^ndinri  ßbreg  of  the  of/at- 
tory  cells ^  bo  thai  these  bodies,  with  ihcir  narnm*  rmh^ 
may  hr,  looked  upon  as  the  temnnal  drudurt»  of  the 
rtei'Ves  of  smeJL 

In  üg*  574  we  have  given  a  diaj^mm  of  the  pro* 
bable  arrangement  of  parts  here,  which  appears  very 
nearly  aUied  to  the  mode  of  tinal  distribution  of  the 
gustatory  nerves  in  the  tongue  of  the  frog  (j  505) 
The  fact,  bowever,  caanot  be  coucealed,  thft  the  most  recent  observatioB 
by  Ikn&r  on  the  strticture  of  these  parts  have  pointed  to  other  conclusiom^ 
According  to  him  there  is  no  such  veiy  sharp  Hue  of  distinction 
bettYeen  the  two  species  of  elements  of  the  regio  olfactoria^  the  olfactory 
and  cohunnar  epitheliai  cell]  they  are^  he  says,  connected  by  inter- 
mediate, forms. 

Further,  underneath  these  cells  there  exists  a  ('^subepitbetial'*)  band* 
work  of  protoplasm,  whose  interstices  are  lilled  with  nuclei.  ltiU\  l\\u 
(in  man)  thin  network  the  ramifications  of  both  kinds  of  cell  a  sink  from 
above,  and  become  fused.  From  below,  dso,  the  olfactory  fibres  ascend 
into  iL  Thus  we  have  in  it  an  intermediate  nervous  platei 
Tbe  course  of  development  of  the  olfactoiy  organs  in  ths  embrj^f 


t—.f 


Fig.  a74— P^bÄM«  modtt 
of  tennlnstlflii  ol  tlie 
ollketonr  nervet  lu  the 
pike  (slt«r  ScJiMitM€}.  a, 
tiltactüry  €i;lU ;  iv  rod*; 
cv  deeper  Vnricoiä 
threat]:^;  e.  axU  flbiiljje 
In  the  iNeiali/;  d,  ilis- 
trlbuEJcm   of  ths  latt^^r« 

At   miai,\üg   iM5h* 

nectlfin  wltli  thv  coirt- 
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although  followed  up  in  its  broader  outlines,  has  not  been  minutely  investi- 
gated up  to  the  present. 

Rrmarks. — (1.)  In  many  of  the  mammalia  we  meet  with  peculiar  structures,  known 
as  the  or^^s  of  Jacobson,  These  consist  of  tubes,  with  cartilaginous  walls,  and  are 
situated  m  the  substance  of  the  palate  ;  they  open  into  the  duct  of  Stetuan.  In  these 
is  contained  a  branch  of  the  olfactory  nerves.  In  their  texture  they  resemble  much 
the  regio  olfactoria  (C.  BalogK). — (2.)  Botoman* s  glands  may  be  made  out  with  com- 
parative ease. — (8.)  Those  delicate  fibrill»  which  spring  from  the  inferior  end  of  the 
olfactory  cells,  and  those  which  are  derived  from  the  spreading  out  of  the  olfactory 
nerves,  resemble  each  other  in  the  most  complete  manner  in  every  respect.  Hut  the 
difficulties  connected  with  investigation  in  this  direction  have  hitherto  rendered  it 
impossible  to  demonstrate  a  direct  transition  of  one  into  the  other.  On  this  account 
we  have  marked  the  gap  between  the  two  with  a  line. 

§  308. 

The  organ  of  sight  is  mode  up  of  the  eyeballs  and  a  series  of  other 
accessory  structures.  These  consist  of  membranous  parts,  as  the  eyelids, 
of  glands,  especially  the  lachrymal ,  and  of  muscles. 

The  bulbus  oculi  (fig.  575)  is  formed  almost  entirely  of  a  system  of 


Fig.  67J(.— Transrerse  section  of  the  eye,  after  HelmMtt.  a,  the  ade- 
rotic ;  6,  cornea ;  e,  conjunctiva ;  d^  circulm  venonis  iridit ;  e,  tunica 
choroides  and  membr<ma  pigmenti;  /,  dJiary  motcle;  g,  proee*tu$ 
eUiari»;  A,  iris;  i,  optic  nerve;  t',  edUeuliu  opticus;  ib,  ora  urrata 
rttince;  I,  lens;  m,  membrane  of  Dtuemet;  n,  membrana  limitans 
refiner;  ^  membrana  h^aloidea;  p,  canal  of  Petit;  q,  macula  lutea. 

capsules.  Its  posterior  and  larger  segment  is  constituted  by  the  opaque 
sclera  (a),  while  the  anterior  and  smaller  division  is  made  up  by  the 
transparent  cornea  (b).  Internally  it  is  lined  by  a  system  of  blackened 
membranes — the  uvea,  consisting  of  the  choroid  (e),  the  ciliary  processes 
(^),  the  ciliary  muscle  (/),  and  diaphragm,  or  iris  \h).  The  cavity  of  this 
hollow  globe  is  filled  with  various  refracting  media.  These,  among  which 
the  cornea  may  be  numbered  as  the  most  anterior,  are  the  fluid  of  the 
chambers  of  the  eye  (anterior  to  /),  the  crystalline  lens  (/),  and  the  vitreous 
humour  (behind  I).  The  greater  part  of  the  cup-shaped  expansion  of  the 
optic  nerve,  or  retina  (i),  is  covered  by  the  latter. 
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Besides  these  parts,  we  have  in  the  eye  a  complicated  vascular  tnfdem, 
derived  almost  exclusively  from  the  ophthalmic  artery.  This  may  be  con- 
sidered as  consisting  of  several  divisions,  with  separate  afiferent  and  efferent 
vessels,  but  communicating  one  with  another.  These  are  (a)  the  system 
of  the  retina,  {b)  the  ciliary  system,  and  (c),  as  far  as  the  globe  of  the  eye 
is  covered  by  the  conjunctiva,  the  conjunctival  system. 

Remarks. — (1.)  Compare  Bowman,  Lectures  on  the  parts  concerned  in  the  opem- 
tions  of  the  eye,  &c.     London,  1840. 

§309. 

The  sclerotic,  the  hard,  or  white  tunic  of  the  eyeball,  belongs  to  the 
large  group  of  fibrous  membranes.  Like  these  it  consists  of  a  dense  inter- 
lacement of  connective-tissue  bundles,  intermixed  with  numerous  fine 
elastic  fibres,  which  appear  in  greatest  number  on  the  internal  concave 
surface.  The  mode  in  which  these  bundles  are  interwoven  is  peculiar — 
one  set  anastomosing  around  the  entrance  of  the  optic  nerve,  and  radiating 
from  thence  meridionally  towards  the  edge  of  the  cornea,  while  another 
set  is  arranged  parallel  to  the  equator  of  the  eyeball  Thus  the  fascicuU 
intersect  each  other  at  right  angles  (Loemg). 

Close  to  the  point  of  insertion  of  the  cornea,  the  inner  surface  of  the 
sclerotic  coat  is  traversed  by  a  complicated  circular  sinus — a  regular  plexus 
of  venous  twigs  (fig.  575,  d) — known  as  the  canalis  Schlemmii,  to  which 
we  shall  be  obliged  to  refer  again  in  speaking  of  the  vessels  of  the  choroid. 
Posteriorly,  the  outer  portion  of  the  sclera  is  connected  directly  by  means 
of  its  meridional  fibres  with  the  external  covering  of  the  optic  nerve, 
derived  from  the  dura  mater.  The  internal  neurilemmatic  substance  of 
the  nei-ve,  and  the  lamina  cribrosa,  and  inner  part  of  the  sclerotic,  also 
merge  one  into  the  other.  Anteriorly,  the  latter  is  strengthened  by  the 
addition  to  its  meridional  layer  of  fibres  of  the  tendons  of  the  recti  muscles^ 
while  those  of  the  obliqui  unite  with  the  equatorial  fasciculi  in  the  pos- 
terior segment.  As  has  been  already  mentioned,  this  hard  membrane  of 
the  eyeball  is  poor  in  vessels,  its  fine  capillaries  presenting  rather  large- 
meshed  networks  (^Brücke).  These  we  shall  be  obliged  to  refer  to  again 
in  connection  with  the  vascular  system  of  the  bulbus.  Nerves  are  said 
to  have  been  met  with  in  this  structure  in  the  rabbit  (Rahm). 

The  coniea  (fig.  576,  a),  with  its  two  transparent  limiting  membranes 
{b,  c),  has  been  already  minutely  described  (§  133).  The  laminated  flat- 
tened epithelium  of  its  anterior  surface  (d),  to  which  the  name  of  cath 
jundival  layer  of  the  cornea  has  been  given,  was  also  considered,  and  also 
the  simple  cellular  covering  of  the  posterior  surface  (e),  (§§  87  and  ^%), 

The  peculiar  chondrin-yielding  tissue  of  the  cornea  becoming  somewhat 
changed  towards  the  periphery,  is  continuous  with  the  ordinary  collagenic 
connective-tissue  of  the  sclerotic,  more  particularly%with  its  meridional 
fasciculi.  At  its  edges  the  membrane  of  Descemet  undergoes  a  peculiar 
transformation  into  streaky  membranous  masses,  which  are  then  disposed 
in  various  ways.  The  most  external  pass  partly  into  the  posterior  wall 
of  the  canal  of  Schlemm,  and  are  in  part  lost  in  the  ciliary  muscle  of 
the  choroidea ;  the  internal  break  up  eventually  into  bands  and  cords, 
which  pass  across  the  anterior  chamber,  disappearing  in  the  tissue  of 
the  iris.  They  thus  constitute  the  ligamentnm  pectinatum  of  the  latter 
(see  below). 

In  adults  the  cornea  appears  almost  completely  destitute  of  blood- 
vessels.    At  the  border  alone  a  narrow  row  of  them,  from  1*1  to  2-3  mm. 
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in  dianieter,  may  he  observed,  Leing  the  last  trace  of  a  moro  extensiTe 
vascular  covering  of  the  atitt*rior  surface  of  an  earlier  period  of  existetice. 
Here  we  tiiid  either  a  single  or  double  row  of  fine  capillary  loops,  derived 
from  the  anterior  ciliary  arteriea,  The  calibre  of  the  capilknes  is  from 
O'OOBO  to  0*0045  mm.  They  reach  as  far  inwards  as  the  fibrous  portion 
of  the  conjunctiva  extends  over  the  edge  of  the  cornea.  Among  the  lower 
mammals  they  usually  form  a  broader  zone,  in  which  case  they  are  joined 
hy  deeper,  finer  capillaries,  springing  from  the  vfessels  of  tlie  sclerotic. 
The  latter  accompany  the  nervous  ttvigs,  supplying  tiie  part  and  end  like- 
wise in  Inopa, 

Whether  the  cornea  is  possessed  of  lymphatics  or  not  b  a  question  still 
undecided,  in  spite  of  very  ex- 
tendeil  reÄPftrülu  We  have 
already  seon,  in  §  133,  that 
this  very  peculiar  tissue  of  th(£ 
cornea  is  traversed  by  a  system 
of  passages  containing  contrac- 
tile wandering  cells,  and  remark- 
able for  their  great  dilatibilttv, 
and  which  seem  also  to  pos 
seas  a  species  of  modified  linin^^' 
membrane.  We  liave  als^» 
stated  that  this  set  of  canals 
is  capable  of  being  inj »^ ted  arti- 
ficially, wheHj  either  strongly 
diatended  "  corneÄl  tubes'^  pre* 
fient  theraaelves,  or  finer  pas- 
aagea  (ßotmnan^  ReckUngfum- 
§en,  Lfuber,  Schtceüjger  Seidel, 
and  LavdfAt^kiy  But  the 
fact  th;it  from  them  the  lyni- 
piiatics  of  the  conjunctiva  may 
be  eventually  filled  does  not 
seem  a  conclusive  proof  tliat 
they  are  of  lymphatic  nature. 

The  nerves  of  the  cornea,  so 
frequently  the  subject  of  study, 
are  derived  almost  exclusively 
from  the  ciliary  branch  es,  and 
have  two  modeä  of  termina- 
tion,—tltey  <3nd,  nauTely,  cither 
in  the  epithelium  or  in  the 
proper  tissue  of  the  cornea, 
lliey  spread  from  the  boreler 
of  the  latter  int^j  its  stibstnnce 
in  considerable  number,  the 
adult  cornea  presenting  about 
60  (of  a  diameter  of  0  02-0  Ü55  mm.),  while  that  of  the  infant  has  only 
from  30  to  34  {Schnitt). 

Close  t^>  the  edge  of  the  cornea  these  thicker  or  thinner  twigs,  aj  the 
CÄse  may  l>e,  are  observed  to  contain  delicate,  but  clearly -defined  primitive 
fihrilla5  of  from  0  0045  to  0*0023  mm,  in  diameter.  Their  perineurium 
IB  rich  in  nucleL 


n«.  fl 
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Rjipidly  decreasing  in  sue,  the  nervü  fibres  quickly  hm  tlieir  mecialltkrj 
aheatlj,  and  are  then  suddenly  founds  at  a  greater  or  le»3  distance  from 
the  border  of  the  cornea,  in  the  form  of  ülaments,  reduced  in  diameter  to 
0-0009  mm.,  which,  unijer  tlie  action  of  certain  reagent«,  are  seen  to  he 
varkosa  The  bandies  of  fibres  Tun  in  a  direction  towards  the  centre  ani 
anterior  aurface  of  the  cornea,  and  in  their  course  divide  and  ßubdiTiile 
over  and  over  again,  forming  by  interconimunication  a  neriroias  plejtua  at 
the  nodal  points,  of  which  nuclei  may  be  observed.  At  the  same  time,  an 
increase  of  the  number  of  the  fine  fibrillse  nnmiatakahly  takes  place, 
whiH  on  the  other  hand,  the  perineuritim  is  no  longer  to  be  seen* 

Of  the^e  nervous  plexu^ea  there  are  several,  lying  one  over  the  othit. 
The  mo^t  anterior,  with  iU  delicate  bundles  of  fibres,  waa  looked  upon  by 
t-feT—     -r»^  Ji3*^»    «ji:^  *^  3  «^...^^         earlier  observers  (Iliifji  m  a 

•^ 


terminal    network     of    th« 

nerves.      From  it,    JioweTi&r 

(fig.  577),  bundles  of  fibte» 

are  again   given   otf,  which 

'  pierce  the  anterior  «orface  of 

the    cornea    (Wc?|/cr,    Oohn- 

^  hmm)f  and,  apHlting  up  inta 

^   /  tassels^      form      that      iub- 

#  ^^  epithelial    intetlacemeiit  al- 

■^'"^      -  ready   mentioned    (}    177), 

whose  perpendicidarly  a»- 
12^  _.-^^^^^^^=c-=:^  '  cending  fibres  terminate  iti 
the  epithelium  (Cohnlieim), 
At  its  border  this  laat  iti- 
terlacement  receives  olht*f 
twigs,  which  enter  the  Of>rn«a 
with  the  minute  vessels  of  that  part,  and,  ascending  more  or  less  abruptly, 
takes  part  in  the  formation  of  the  plexus,  and  extend  also  as  far  at  lbs 
anterior  surface. 

Besides  these  sensory  nervon»  interlacements,  the  cornea  |K>iiseflaea 
deeper  p]c%us-like  ramifications  of  nerves.  Kühne  maintained,  msmf 
yeacs  mg^,  tha^  in  the  frog  the  termination  of  the  Taricose  ^nd  filament«» 
of  these  in  the  epithelial  cells  might  be  seen  j  but  tfaid  baa  not  bctm  since 
confinned  {Kodtiker^  EngeJmafin,  Hoper).  Here  also  the  primitive  fibrillffi 
probaldy  terminate,  in  part  at  least,  with  free  ends.  They  are  to  be  found 
but  rarely  in  the  posterior  layers  of  the  cornea^  in  larger  numbers  in  the 
middle,  and  tolerably  abundant  in  the  anterior  portions.  A  plexus«  seate4 
here  under  the  Ifimina  dmtica  anterior,  has  been  described  by  Iloyen 


Vis 

bqlion  of  fine 
icraiJiibtltin  in 


lit;  &/  nib-cpltheilkl  dtitH- 


§310. 

We  turn  now  to  the  uvea  or  tunica  vasctthsa,  with  its  various  consti- ' 
tuentf,  mentioned  above,  and  find  the  arrangement  of  parts  much  more 
complex  than  in  the  structures  just  dealt  with. 

The  choroid  is  ustially  described  as  consisting  of  an  external  ßbrotis 
rtmt^  aufi  an  internal  single  layer  of  pigmentary  ßatfen*^4  fpithdium^ 
which  bttfsr  belongs»  properly  speaking,  to  the  rtitina,  as  wt»  learn  from 
the  history  of  its  development.  In  tig.  578  we  have  the  latter  figured 
again  ;  but  it  has  been  already  described,  at  greater  length,  in  |  150*  As 
we  shall  have  to  refer  to  these  cells  again  in  speak i rig  of  the  letüiäi  wa 
shallf  for  ike  preacst,  say  no  more  about  them. 
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from  the  dvortil«!  of  iJic  •lit'^eji,    a, 
mDule  of   tU-ildi'd   «lit  J  fr^  « 


Apart  twm  this  cellular  coatiiig,  the  nYea  conaisU  of  several  layet^,  not 
in  aU  eases,  however,  distintjily  defined  one  against  the  other. 

First,  anil  most  mternally,  wc  find  a  irarnqmrcnt  limiting  lat/er,  »mooth, 
and  only  0€OÜÜ-OOUU8  mm.  in  the  fundus  of  the  eyo-baJJ,  but  thicker, 
aud  presenting  a  more  uneven  internal  surlnce  unteriorly. 

The  next  itratum  is  the  ehitrifmipUlaritit  im  extremely  dense  network 
of  nucleated  capillaries  (ulreadj  spoken  of  in  §  31 1),  imbedded  in  a  siinple 
conneetiveKtiasue,     This  stratum  extends  to  the  ora  serrata. 

The  third  layer,  the  proper  charoid^  consists  of  a  network  of  ramifying 
stellate,  or  irregtilarlj  jagge^l  cnimective-tissue  cells,  with  thread  like  pro- 
cessea  of  varying  length.  These  cells  are  remarkable  ilir  the  gi-eat  avidity 
with  which  they  take  up  dark  hiack  pigmentary  matters  (Kg,  579). 
We  have  ahea'iy  considered  them  under  the  name  of  *'deliate  pigment 
cells**  in  speaking  of  connective- tissue,  p,  219.  But  what  j^iartieularly 
characterises  this  layer  further  k  the  great  abundance  of  art  erb  I  and 
venous  vessel^  found  in  it.  The  first  present  a  strongly  developed  njos* 
cular  tunic  Longitudinal  bundles  of  invo- 
luntary muscular  fibres  also  occur  in  the  pos- 
terior segment  of  the  choroid  aceorapatiying 
these  arterial  vessels  (//.  AI  tiller)^  and  lymph 
cells  likewi&e  (G.  Hanse). 

Externally  the  choroidal  tissue  is  con- 
tin  uoiiSf  in  tlie  form  of  a  soft,  brownish  con- 
nective substance  with  the  sclerotic,  and  is 
known  here  as  the  luminu  fusea  or  mipm- 
choroiika. 

Anteriorly,  as  is  well  known,  the  choroid  is  contiBUOtis  with  the 
mrpii^  rlliare  and  its  numerous  ciliartj  proces^^  projectüfig  inwards. 
These  structures  are  likewise  clothed  with  the  same  flattened  pigmentary 
epithelium.  Here,  however,  the  latter  has  become  lamiaafced,  or  at  least 
double-layered  (p.  143). 

On  and  within  the  corpus  ciliare,  whose  tissue  resembles  that  of  the 
choroid  (although  pigmeiitary  cells  art* 
fewer  in  it)»  and  which  abo  possesses  the 
same  delicate  limiting  membrane  as  the 
latter,  a  peculiar  involuntary  muscle  pr«- 
Rents  itseif,  the  icusor  chonndea^  or 
mmc tilts  rttmrijf  {tig.  573,/),  for  the  dis- 
covery of  which  we  are  indel>ted  to  Brnck$ 
and  BoicntftUf  w^hile  many  important 
point«,  in  reg^ird  to  its  nature,  were  sub- 
sequently put  forward  by  //.  Älülhr, 
Tliis  musck%  which  has  been  so  frequently 
the  subject  of  investigation,  was  formerly 
held  to  be  nothing  but  simple  connect! v©- 
tissue^  under  the  name  of  the  Ugammtum  cUtare. 

It  springs  (lig.  580),  at  the  line  of  union  betwei^n  the  coniea  ami  sclerotic 
coat,  (mm  the  fibrous  tissue  which  forms  the  internal  wail  of  the  canal  of 
ScJihmm,  and  its  distribution  is  to  the  tissue  of  the  ciliary  body.  Its 
fjisciculi,  closely  crowded,  maintain  frona  this  point  of  origin  a  radiating 
or  meridional  course  backwards,  and  are  lost  in  the  external  portion  of 
the  corpus  ciliare*  Here  it  is  separated  from  the  sclera  by  a  thin  prolon- 
gation of  the  so^alled  supraehoroidea  {Flmth,  Schulftf).     Internally,  that 


tf«iTpf)»clcB  (M-catlrd  «n^llntD  ^fluent 
rellB),  Irtrm  the  Utiiiitn  Tuiv«  ot  »  mniii* 
maUmn  cf«. 
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is  to  say,  towanls  the  ciliary  proeesses,  this  tawgh  mussiulur  plala  breaks  uM 
into  alon^^  fan-shaped,  wide-meslieJ  network  of  thin  Lands  (7>),  in  which,  I 
at  löät,  the  direction  of  the  fascictili  changes  gradually  from  being  meri* I 
dional  externally  to  equatorial  in  its  itmei'  portions,  fonning  so  thö  circnbr^J 


...^■' 


\. 


Flif.  ft»0. — Srctlcm  tnM>Dj?h  ttjflVillrtrx  T^a^on  at  tlic  IttiitiiiT]  eye  {mUtsr  Jvamßjf}^  «.  nAU 
Atlntr  bmidiM  of  tlio  cHinTy  tnuscl« ;  b,  tW^y^it  btintlltrs;  e,  di>cHlftr  isetwftirk^  d^  ajinular 
^aiitU  of  Müfffr;  f.  tcodon  nf  cillnry  must'le;  X  mUAcliMt  on  tho  poittrtor  afd&  of  tb«  iHi; 
$F«  miuclf«  un  the  clUury  liorüer  of  ««me;  A,  llgAmcntMin  pvctlnafUTTL 

tiotwork  FmtiUj,  internally  (d)  the  sü-called  **  7i>*^  mmde*  of  Afülhr 
makes  its  appearance.  This  is  furmed  of  tolerably  strung  fascicles,  tha 
anterior  quit«  independent,  the  posterior  taking  their  m©  from  i\m  müft- 
cular  structure  j  nut  mentioned. 

This,  then,  m  the  arrangement  of  the  ciliary  muscle  of  man,  but  among 
the  other  maminalia  it  is  tlioroughly  r«?tifortu  {Flmiminff),  It  is  stronger 
araongst  the  beasts  of  prey,  weaker  among  ruminants,  and  especially  se 
in  the  ro<ients.  Althougii  there  still  exists  much  difference  of  opinion 
ill  regard  to  many  minor  points  relating  to  the  functions  of  this  muaek» 
it  is  commonly  agreed  that  it  plays  an  important  part  In  the  accom- 
modation of  the  eye. 

In  the  itk  or  diaphragm  the  eonnective-tissue  cells  of  the  whole  uv 
present  themselves  again.  In  blute  eyea,  however,  they  are  devoj*!  of  pi 
nient|  while  in  thoie  of  other  deeper  tiuta  they  are  more  or  letss  cri>vvdeä 

with  either  lighter  or  darker 
y olio wisli, brownish^  or  even 
hlaek  granules.  Between 
these  cells  the  s^roiind  »ub» 
stance  is  no  longer  Iiomo- 
geneous,  but  fitrwaky  and 
broken  up  into  hbrillae,  in 
fact,  it  has  become  genuine 
tihrons  con  n  ecti  ve*ti8S  ue. 

The   muscular   chanieler 
of  the  iris  has  bfeii   long 
recognised.       In    thy    hm 
Fif, B8L— siirfnen  yi.H  „,  n,i^,mmnn  i, i.  (»ftcriaamegy.  a,     i^lnce,  we  encoouti^r  arouud 

tlie  central  aperture,  hut 
more  towards  it«  poRt^rior  aspect,  a  muscle  known  as  the  sjthimtrr  pupUlw, 
This  is  comiKtsed  of  a  system  of  circular  bundles  of  suiooth  niuftt.'ular 
tissue,  of  aboutO  8-1  mm.  in  breadth  in  man  (Hg.  581,  a).  From  this 
sphincter  other  separate  bundles  of  contractile  ßbre  ceils  Uike  their  rise  (as 


J 
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may  be  seen  in  the  eye  of  any  white  rabbit),  which,  seated  likewise 
in  the  back  part  of  the  iris,  radiate  outwards  through  the  tissue  of  the 
latter. 

Not  so,  however,  in  man. 

The  dilator  appears,  to  be  sure,  here  also  to  be  a  continuation  of  those 
circular  fasciculi  of  the  sphincter.  At  first,  still  in  the  neighbourhood  of 
the  latter,  we  may  recognise  separate  arched  interwoven  bundles  partly  in 
the  circular  muscle,  partly  behind  it.  After  passing  beyond  the  limits 
of  the  circular  muscle,  however,  these  radiating  bands  unite  to  form  a 
completely  continuous  muscular  plate,  with  regular  layers  of  fibres  forming 
the  posterior  wall  of  the  iris  (b).  At  the  ciliary  border,  at  last,  a  circular 
layer  is  formed  by  the  interweaving  of  thicker  and  thinner  bundles  spring- 
ing from  the  muscular  plate  {Iioanoff,  JeropJieeff,  Merkel).  The  muscular 
Bubstance  of  the  iris,  however,  is  not  connected  with  the  ciliary  muscle. 

The  radiating  fibres,  then,  just  mentioned,  constitute  the  dilatator 
pupillce. 

It  is  a  fact  of  great  interest,  that  the  muscular  tissue  of  the  ins,  which 
in  man  and  the  mammalia  is  composed  of  involuntary  fibres,  consists  in 
birds  and  scaly  amphibia  of  transversely  striated  fibres. 

At  its  circumference  the  diaphragm  of  the  eye  receives  another  element 
of  tissue  on  its  anterior  surface,  in  the  form  of  the  so-called  ligamentum 
peetinatum  iridis  (Huek),  (§  309). 

The  fibres  of  the  latter,  originating  in  a  transfoimation  of  the  membrane 
of  Descemet  J  as  we  have  already  seen,  and  covered  at  first  with  the  normal 
epithelium  of  this  coat,  commence  near  the  border  of  the  cornea  as  a  fine 
network,  which  is  changed  at  the  edge  of  the  latter  into  a  plexus  of 
stronger  bands.  These  pass  free  across  the  peripheral  portion  of  the  an- 
terior chamber,  and  so  reach  the  anterior  surface  of  the  iris,  in  whose, 
tissue  they  are  lost.  The  ligamentum  peetinatum  encloses  a  circular 
space  crossed,  of  course,  by  bands  of  fibres  known  as  the  "canal  of 
FiMtana''  (fig.  580,  at  h). 

In  reganl  to  the  nature  of  these  fibrous  masses  much  difference  of 
opinion  still  exists.  From  their  chemical  reactions  they  would  appear  in 
man  to  be  allied  to  the  elastic  tissues,  without,  however,  possessing  the 
same  power  of  resistance  to  reagents,  while  among  the  mammalia  they 
manifest  rather  the  constitution  of  connective-tissue.  In  birds,  again, 
they  give  the  reactions  of  elastic  tissue. 

In  all  probability  there  was  originally  a  cellular  network  here. 
On  its  posterior  surface  the  iris  is  covered  by  a  laminated  coating  of 
pigmentary  epithelium  cells,  and  on  its  anterior  aspect  by  a  single  layer 
of  colourless  polyhedral  and  roundish  elements     These  latter  are  con- 
tinued in  single  rows  over  the  bands  of  the  ligamentum  peetinatum. 

Reserving  the  arrangement  of  the  vessels  of  the  uvea  for  the  next 
section,  let  us  turn  now  to  the  nerves  of  the  same.  These,  the  nervi 
ciliares,  are  distributed  principally  to  the  iris  and  ciliary  muscle.  Their 
number  is  from  14  to  18,  and  they  spring  for  the  greater  part  from  the 
lenticular  ganglion. 

After  piercing  the  sclera,  these  twigs  advance  through  the  external 
layer  of  the  vascular  membrane  of  the  eye  to  the  ciliary  muscle,  giving 
off  in  this  course  a  few  twigs  to  the  choroid  itself.  The  latter  form  super- 
ficial and  deep  plexuses,  whose  fibres  are  found  to  be  partly  meduUated, 
partly  pale,  and  among  them  small  ganglia  are  formed  by  collections  of 
nerve  cells  {H.  Müller,  and  C.  Schweigger,  SämieJi). 
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But  tLe  nervous  supply  of  the  ciliary  inusck  is  much  more  ab^nd 
Before  tUöir  entrance  into  tlio  latter  the  ciliary  liervea  have  under 
repeated  suBdl vision.     Within  the  nmscle  they  then  form  a  ganglionic 
annular  plexus,  the  tn'bicuius  gangliosu»^  iu  which,  according  to  Kraum^ 
and  H,  Mülle/ s  observations,  ganglia  are  to  Ije  found. 

This   plexus  supplies  twiga  to  the  tensor  choroidecd,   h&aHles   iboe6j 
branches  to  the  cornea  already  inenlioned,  p,  6 1 9,  the  iris,  likewiBö^  w 
innervated  by  it. 

In  the  latter  structure,  twigs  made  up  of  inedium-si^ed  and  fijie  dark- 
edged  übres  may  be  observed  to  course  inwards  from  the  whole  poriphem^ 
dividing  us  they  go  dichotonionsly*     Converging  while  still  in  the  f>er0 
phepai  portion  of  the  iris,  they  commence  the  formation  of  an  extreiuelM 
complex  nervous  plexus,  presenting  rows  of  transversely  anagtomoslngj 
twigs.     From  this,  then^  in  the  first  place,  recurrent  branches  are  gi* 
olT  towaids  the  ciliary  border,  and  then  others  directed  more  inwania,] 
These,  again,  form  an  irregular  network  of  nerve  fibres, — ^about  0*0045- 
0*0023  miTL  in  diameter,  at  iirst  medulla  ted,  but  later  on  losing  thetf* 
medtiUa, — which  at  many  of  the  nodal  points  presents  triangular  expan- 
sions.    This  plexus  is  then  prolonged  farther  into  an  interlacement  of  the 
ünest  species  of  filamentst  oidy  0  0020-0 '00 18  mm.  in  diameter.     It  is 
stm  an  unsettled  point  %vhether  this  is  a  terminal  network  or  not 

"While  this  nervous  interlacement  just  described  belongs  more  parti- 
cularly to  the  posterior  wall  of  the  iris,  another  is  spread  over  its  anterior j 
surface.     Its  broader  elements  are  probably  sensory. 

Finally,  a  plexus  is  found  traversing  the  substance  of  the  sphincter, ' 
whose  fibres  arc  at  first  still  medullftted,  btit  later  on  pale  in  appeaiance» 

RsMAEKR. — (L)  A  very  peculiar  appearance  is  freqnently  to  be  foqnd  in  the  eyei  ( 
iome  mammals.     Thi^  proceeds  from  tne  tapeium  ^ucuium,  a  oolourlesa  glittering  ip 
situated  behind  the  chorkcapillaria,  between  the  ntont  internal  lamella  of  the  < ' 
eontaiulng  its  enpillaries  and  the  middle  coat,  iu  whtob  the  larger  vefiaeU  are  i 
tained.     Amons  the  rumiDants,  in  the  horsä  and  elephant^  ^.,  it  conslsis  of  a  deli^ 
eat«  and  regular j  undalatiDf^  arriLUgemetit  of  conii«ctive*ttBsne  burtdlesp  \i  hich«  ftoU 
the  unifoTntity  of  their  diufwaal  in  wavy  lines,  ^ivea  rise  to  a  play  of  pristnnT: 
In  the  (^artttvora,  and.  in  seaU  also,  it  coasist^^,  on  the  eoiitnLry„  of  sm> 
angled  nucleated  cella.     The  cell-substüuice!  of  thcae  presents,  acec)rdiD(;  i 
a  very  remurkable  stTUcture.     It  consists,  nmnely,  of  extremely  fine-fM^intird  doubin 
refracting  crystal»,  arranged  in  groups  within  the  celh     Each  of  tlies€  gronji«  relltfc' 
the  light  from  a  particular  unglu  of  incidence  into  another«  produciug  colour*     O» 
the  tapetum  the  epitheUal  cells  are  u^jiially  deroid  of  pigment  molecules. 

§31L 

The  vascular  a^stein  of  the  uvea  (fig,  582)  has  been  the  Buhgect  of  nmch 
study  both  in  earlier  and  later  times.  It  has  been  lately  inresti gated  in 
the  most  thorough  manner  by  Leber. 

Owing  to  its  extreme  coraplicatiouj  it  will  require  a  very  minutely 
detailed  description,  during  which,  however,  wo  shall  have  an  opportunityJ 
of  referring  again  to  the  blood- vessels  of  the  sclerotic  and  corner  already* 
noticed  cumorily  {|  309). 

The  choroiflj  corpus  ciliare»  and  iris,  all  receive  their  supply  from  the 
cilianj  arten rn  as  they  are  called.  Of  the  latter,  those  springing  directly 
from  the  ojihthtihnica  are  known  its  the  posterior,  those  given  off  from  th<* 
arteries  supplying  the  recti  mnacles  B8  the  anfenon 

The  first  break  up  again  into  the  short  and  Img  posterior  ciliary 
veaaela, 

L  The  »hort  2X)&terwr  ciliary  arteries  (a,  i»),  three  or  four  in  nnmbor^ 
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advance  to  the  back  of  the  bulb  and  aplii  up  there  into  a  large  number  cf 
twiga  Besides  the  hinder  pjirt  of  the  gel  erotic  coat  and  point  of  entrance 
of  the  optic  nerve  (see  below),  they  supply  only  the  choroidea  pro- 
pei-j  about  20  small 
bmnchei  Ijing  in  the 
outer  layer  of  the  lat- 
ter. Moreover,  theeo 
are  distributed  chiefly 
to  the  back  part  of  the 
choroid  coat,  and  reach 
neither  the  iris  nor 
ciliary  processea.  They 
are»  however,  con- 
nected at  certain  points 
both  with  the  long  pos- 
terior and  the  anterior 
Ciliary  veeseb.  Their 
end  bran chea  spreading 
oat  inter»  ally ,  break 
up  finally  into  the 
capillary  network  of 
the       chorimapiliaru 

(d,  dy 

This  capillaty  net- 
work, whose  tubes  mea- 
sim  from  0^0090  to 
0'0113  mm.  in  dia- 
meter, 13  ouo  oi  the 
moet  denao  iti  the 
body,  ef^pecially  at  the 
back  of  the  eyeball, 
wbereaa,  Rnteriotly, 
th©  meshes  gradually 
inereaso  in  size.  Its 
tubea  (fig.  583)  radiate 
from  numerous  central 
jKtints,  which  are  either 
arteiiai  or  venous  ter- 
minal twigs.      In  the 

Ftg.  Jtö3.— Dlneriitn  of  th«  ar- 
niig«m«nt  of  the  renti*  of 
Ükfl  ejrflp'biül  <ttft«r  Letttr}.  a, 
l«m  «nd  b^  mrnil  twli^  from 
A  viort  pMt«rlDr  cilUirr  w- 
HiTfi  e,  lull«  posterior;  d, 
ikimompiltarUs  €^  «rterlal 
GCiiLM' jifDtind  this  optic  nerve, 
«nd  bir^nctLe»  of  tho  Bmtni  to 
Ih»  Ifttter,  f,  ftrrterlQr  c^lUiy  utCTr;  j^,  Iilt^c  ctrclet  of  the  Eris:  A,  «Ttcrr  of  tbe  nme;  <  nuAll 
«freiet  of  the  lii»;  C,  CApniory  n^twdfk  of  the  ipAincttr  pvpitta^  1,  art^rf  of  the  ciliArjr  proffM; 
m,  iiTtwT  *»f  thfl  nutMuJiiifi  cuiariit  n,  rceüTn'nt  t ranch  to  ihe  choroid»;  Ot  poitt-rlor  conjtuit- 
llml  reisei  and  p,  enterk^r;  ^,  »rterlal  branch  to  th«  hord^r  loop^il  titstwork^  r.  Attc^rJa  centntU» 
KClfin]  §y  artfry  to  the  ttit^nia],  aheath  of  the  oftfic  ncrvK;  L  artery  to  tho  «xtcmal  sli^ath  of  ttio 
iacne;  «,  twig  tmm  thu  short  dllary  veuelt  to  the  fckrollc;  v,  twig  from  tntohorcUlerr  artery  to  i«me ; 
f,  vdjt  of  fine  of  tlie  vortlcee;  ^^  pwrerlor  vma  ^7i4irtj;  c»  ci'nttaJ  teln  of  the  rectot;  1,  vein  of  fhn 
Int^nittl  itieAth  of  optic  nerre;  %  of  the  oiit«r  «^eath  of  flames  3^  vein  nnd  aruitj  of  Lh^  ehonild 
wlileh  enter  the  o^ric  iibi're:  4^  vein  of  tlia  scJerosiir  t^penitij;  Into  th«  troiiii  of  tfc  rtirtex;  0.  imUT^ur 
elllarj  -rein;  8,  ha  brnnche»  to  the  aclemtlc;  7,  vein  to  the  border  looped  network;  S,  antetlor,  And  ii, 
tKiit9rloroonJunctlvi.1  vein;  10,  venoumcHlaiy  fdcuus  leaiuil  oF  iSrA/fi»m}|  it,  «toneetloq  of  the  eame 
wlrh  thr  nnterior  cUlai?  vein  ;  12,  iroln  of  th«  elharj  moaele  rufinhnff  into  the  plemiuclllails^  1^  toIq 
of  lb«  cillorj  [froeeaa;  14,  vuln  of  thetrli^  10,  rein  of  thu  eiaarj  iDtucL«  emptying  into  a  TOrtex  tnini:. 
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neighbourhood  of  the  ora  serrata  this  peculiar  arrangement  of  yessela  is 
no  longer  preserved. 

(2.)  Turning  now  to  the  sources  of  blood  for  the  anterior  portions  of 
the  choroidea,  the  processus  ciliares  and  iris,  we  find  besides  the  anterior 
the  long  posterior  ciliary  arteries  (c). 

These  two  branches  after  piercing  the  sclerotic,  and  without  giving  off 
any  twigs,  run  for  a  considerable  distance  over  the  vascular  coat  of  the 
eye  to  the  posterior  edge  of  the  ciliary  muscle.  Here  each  splits  into 
two  branches,  which  penetrate  into  the  ciliary  muscle  (m),  and  parting 
there  from  one  another  bend  sideways  into  arches  embracing  a  correspond- 
ing portion  of  the  eye-balL  Thus  they  take  part  in  the  construction  of  a 
double  vascular  collar  in  common  with  the  anterior  ciliary  arteries  to  which 
we  must  now  direct  our  attention. 

(3.)  The  anterior  ciliary  arteries  (/),  five  or  six  in  number,  piercing  the 
insertions  of  the  rectic  muscles,  lie  upon  the  sclera,  and  running  fdong 
the  latter  for  a  certain  distance,  eventually  perforate  it  with  many  branches 
in  the  neighbourhood  of  the  ciliary  muscle. 

The  two  vascular  circlete,  already  alluded  to,  which  are  derived  from 
both  kinds  of  arteries,  are — first  an  anterior, 
known  for  a  long  time  past,  the  circuLus 
arteriosus  iridis  major  (^),  which  is  com- 
plete, and  encircles  the  outer  portion  of  the 
iris,  but  for  the  most  part  within  the  ciliary 
muscle ;  and  second,  a  posterior  and  external 
circlet  which  is  incomplete,  and  imbedded 
Fig.  «».-Arrangement  of  the  cpH-  Hkewise  in  the  Same  musclc.  This  may  be 
laries  of  the  choHocapiiiaris  of  the  named  the  circulus  arteriosus  musculi  ciliaris 
"•^  {Uher). 

From  these  two  vascular  circlets,  and  partly  also  immediately  from  the 
arterial  tubes  supplying  them,  a  series  of  very  important  branches  are 
given  off  to  different  parts  of  the  eye-ball,  namely,  to  the  choroid  (a),  the 
ciliary  muscle  (^),  the  ciliary  processes  (c),  and  iris  (d), 

(a.)  The  chnrold/d  twigs  (w),  variable  both  as  to  number  and  calibre, 
are  connected  in  the  first  place  with  the  branches  of  the  posterior  short 
ciliary  arteries,  and  again  take  part  in  the  formation  of  the  chorio-capil- 
laris :  principally  of  its  anterior  portion. 

(&.)  The  recurrent  branches  (m),  passing  back  into  the  ciliary  mtiscle^ 
are  very  numerous.  They  are  arranged  in  a  very  fine  network  within  the 
latter,  and  their  meshes  are  disposed  according  to  the  direction  of  its 
fibres. 

(c.)  The  arterial  twigs  to  the  processus  cilinres  (I)  are  very  short  tubes, 
sharply  curved  backwards  and  inwards.  They  enter  the  structures, 
springing  from  the  circulus  arteriosus  iridis  major,  after  traversing  the 
ciliary  muscle.  Each  ciliary  process  then  receives  either  one  special  twig, 
or,  as  is  more  frequently  the  case,  two  or  more  are  supplied  to  it  by  one 
such  rootlet.  In  each  process  itself  the  arte.rial  vessels  split  up  rapidly, 
and  subdivide  into  a  considerable  number  of  fine  tubes,  which  form  with 
arches  of  anastomosis  a  beautiful  and  characteristic  network.  From  the 
latter  then  spring  the  venous  radicles  of  the  part. 

((/.)  The  vessels  supplying  the  iris  {h)  are  all  derived  from  the  circulus 
arteriosus  iridis  major,  and  extend  beyond  the  outer  bonier  of  the  latter 
in  considerable  number.  Their  direction  is  more  or  less  towards  the 
anterior  surface,  and  convergent  towards  the  pupil     Giving  off  lateiai 
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Lranches  they  form  a  long  and  wide-meshed  capillary  network.  Near  the 
opening  of  the  iris  a  certain  number  of  these  tubules  enter  into  the  con- 
struction of  a  new  vascular  circlet,  the  circulua  arteriosus  iridis  minor  (i), 
but  the  greater  proportion  of  them  bend  back  in  loops,  and  merge  into 
venous  radicles  after  supplying  the  sphincter  of  the  pupiL 

§  312. 

The  veins  derived  from  this  very  complex  arterial  system  do  not  cor- 
respond to  its  vessels 
(fig.  584). 

The  uvea  is  pos- 
sessod  of  two  sets  of 
venous  canals ;  of  dif- 
ferent degrees  of 
importance  however. 
The  greater  propor- 
tion of  blood  from 
this  membrane  is 
taken  up,  namely,  by 
a  moderate  number  of 
large  trunks,  the  vtnoe 
vorticoscB  {x)  while  the 
anterior  ciliary  veins 
(5)  at  the  foremost 
part  of  the  choroid, 
and  especially  in  the 
ciliary  muscle,  play 
but  a  subordinate  part 
in  draining  these 
parts.  Veins,  corres- 
ponding to  the  pos- 
terior ciliary  arteries 
do  not  exist. 

Let  us  first,  then, 
direct  our  attention 
to  the  vence  vorticosm. 

These  are  situated 
in  the  external  layer 
of  the  choroid,  and  are 
arranged  in  stellate 
figures  or  vortices, 
numerous  wide  venous 
trunks  converp^ing  to- 
wards a  central  point. 
Of  these  vascular  stars 
from  four  to  six  well- 
developed  examples 
may  be  distinguished 
in  addition   to   some 

others  less  perfect  in  fuc  W4 

form  and    poorer    in 

radii.  These  several  systems  are  connected  together  by  transverse  twigs. 
The  blood  of  the  choriocapillaris  is  conducted  into  them  by  fine  veins 
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paasmg  from  belimd  from  the  fundus  of  the  hulb,  while  that  froin  \hm  , 
foremost  portion  of  the  choroid,  m  well  as  the  cpiärr  hodr  and  iria^  ü 
also  received  into  them. 

In  the  irü  and  ciliary  pro€€$§^  unmeroua  freqnentlj*  AnAstomoetng 
venoua  radicles  take  their  rifle.  Crowded  close  together,  they  unite  at 
very  acute  angles  to  form  larger  branches,  which  reach  the  chcl^^>id  after 
further  inteicommunication,  aad  diverging  here  in  groups  empty  them- 
Belvae  into  the  adjacent  veam  voriicomm^  Owing  to  their  slender  make 
they  may  ho  eajsily  mistaken  for  arteries. 

The  venous  vessels  of  the  iria  (14)  springing  from  the  capUkry  net- 
work, and  the  terminal  loops  at  the  edge  of  the  pupd  (k),  mAintain  a 
course  similar  to  that  of  the  arteries ;  they  lie,  however,  nenrer  to  the 
posterior  surface  than  the  latter,  anastomosing  also  frequently  with  one 
another. 

In  their  farther  course  baek  again  they  communicate  either  directly 
with  veiua  of  the  ciliaiy  processes,  or  dip  into  the  furrows  between  the 
latter^  receiving  more  hlood  from  them,  and  from  the  ciliary  muscle 
(15).  The  processus  ciliarea  are,  moreover,  drained  liv  a  regular  venous 
plexus  formed  of  numerous  transverse  branches  situated  within  their  sah- 
stance. 

The  axial  vein^  springing  from  the  venae  vortico»«e  of  the  ehoroidi 
pierce  the  sclerotic  at  about  the  equator  of  the  eye-ball  to  mn  externa] 
to  the  latter. 

Beside  this  system  of  vessels,  there  m,  as  has  been  already  remarked,  a 
second  venoos  drainage  more  anteriorly.  The  blood  from  same  of  the 
structures  lying  in  the  fore  part  of  the  eye  is  carried  off,  namely,  thfong^ 
the  anterior  ciliary  veins  (5),  and  the  canal  of  Schlemm  (10)  in  connec- 
tion with  them,  presenting  an  annular  venous  pleirus  (Mouget^  Leber). 
The  arrangement  of  the  latter  is  not,  however,  by  any  means  the  same  in 
all  portions  of  the  ring  or  in  difiBrent  eyes,  and  its  retiform  nature  fiaay 
be  very  slightly  marked  Small  twigs  from  the  inner  part  of  the  scle- 
rotic, as  well  as  from  12  to  H,  somewhat  stronger  branches  from  the 
ciliaij  mtiscles  (12),  open  into  this  ring.  The  tuhes,  leaving  the  canal  of 
Sd^emm,  named  by  Leber  the  plexus  venosus  ciliar U,  are  very  numeroua. 
They  perfoTate  the  sclera  obliquely,  opeuing  upon  its  external  surface  into 
a  venous  plexus,  that  of  the  *'  anterior  ciliary  veins,'' 

Having«  described  the  vascular  supply  of  the  uvea,  we  ahaU  have  but 
little  difficulty  with  the  vessels  of  the  sclerotic.  This  tunic  is  fed  by  the 
same  branches  of  the  ophthalmic  artery  as  the  vascular  membrane,  namely, 
the  art,  ciL  post  et  ant  Their  tnngs  to  the  sclerotic  are  seen  at  (ei)  and 
(v).  The  veins  of  these  two  coats  are  likewise  more  or  less  common  to 
both.  They  empty  themselves  into  the  anterior  ciliary  veins  and 
vorticos^i^  Besides  these,  however,  we  have  in  the  posterior  part  of  %hn 
sclerotic  the  small  venae  ciliares  posticte,  which,  receiving  no  blood  fn>m 
the  choroid,  constitute  a  peculiarity  in  the  vascular  arrangement  of  tb« 
übrous  coat.  All  these  vesaels»  and  especially  the  veins,  fo|m  a  wtde- 
meshed  network  over  the  sclerotic.  Corresponding  to  them  we  find  also 
a  similar  ix^se  reticulum  of  capillaries.  * 

The  short  posterior  cUiary  arteries  (a,  It)^  whose  distribution  to  the 
ehoroid  has  been  described  in  the  foregoing  section,  have  pöculiar  and 
important  relations  in  the  neighbourhood  of  the  entrance  of  the  optic 
nerve  into  tlie  eye-ball.  They  am  (e)  connected,  namely,  with  the 
vascular  supply  of  the  retina  (see  below),  which  is  other wi»e  a  |)^rfectjy 
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distinct  system  of  vessela  Two  twigs  from  the  posterior  ciliary  arteries 
form  a  nog  around  the  nerve,  sending  off  one  set  of  small  branches  in 
between  the  fibres  of  the  latter,  and  another  externally  to  the  choroid. 
In  this  way  provision  is  made  for  indirect  communication  between  the 
two  circulations.  In  addition  to  this  there  is  also  a  direct  communication, 
however,  consisting  in  arterial  and  fine  venous  twigs  and  capillaries,  which 
pass  directly  from  the  choroid  into  the  optic  nerve. 

The  conjunctiva  of  the  sclerotic  is  supplied  by  the  vessels  of  the  lids 
and  lachrymal  gland ;  it  is,  therefore,  also  independently  provided.  Its 
arteries  are  represented  at  (o)  and  (/>).  Near  the  border  of  the  cornea 
only  are  they  connected  with  those  of  the  sclerotic. 

Here,  namely,  the  end  branches  of  the  scleral  vessel»  communicate 
with  one  another  in  arches.  From  the  latter,  then,  in  the  first  place, 
recurrent  loops  are  seen  to  spring,  which  course  back  through  the 
conjunctiva,  anastomosing  with  the  proper  vessels  of  that  membrane. 
Further,  there  arise  partly  from  these  loops,  and  partly  also  from  the 
terminal  twigs  of  the  anterior  ciliary  arteries  themselves,  the  branches  for 
that  capillary  network  already  mentioned  (§  309)  situated  round  the 
border  of  the  cornea.  This  is  drained  by  the  anterior  ciliary  veins  to 
which  we  now  turn. 

These  (5)  receive  their  blood  from  four  different  sources. 

(1.)  The  radicles  springing  from  the  border  network  of  the  cornea, 
which  form  a  polygonal  network  encircling  the  latter,  in  the  form  of  a 
ring  from  4  to  7  mm.  in  breadth,  lying  upon  the  sclera.  This  is  known 
as  the  episcleral  venous  network,  and  from  it  twigs  of  the  ciliary  veins 
take  their  rise  (7). 

(2.)  In  its  whole  extent  the  venous  network  iust  mentioned  is  rein- 
forced from  the  capillaries  of  the  sclerotic  itself  (6). 

(3.)  Into  the  ciliary  veins,  also,  the  efferent  vessels  of  the  canal  of 
Scfdemm  (11),  as  well   as   those   of  the 
ciliary  muscle  (12),  empty  themselves. 

(4.)  Finally,  we  have  venous  twigs  spring-  jrf5S^^".   ^ 

ing  up  in  the  neighbouring  portions  of 
the  conjunctiva  and  corresponding  to  the. 
arterial  connecting  arches,  which  unite  with 
them. 

§313. 

The  refracting  media  of  the  eye,  situated 
behind  the  cornea,  consist  of  the  aqueous 
humoury  the  lens,  and  the  vitreous  humour. 

Of  these  the  lens  (fig.  585),  with  ite 
capsule,  have  been  already  described  in 
speaking  of  the  tissue  of  which  it  is  com- 
posed (p.  27G).  The  vitreous  humour  was 
also  alluded  to  in  connection  with  gelatin- 
ous tissue  (p.  190). 

There  remains  then  for  our  considera- 
tion, in  the  first  place,  the  aqueous  humour. 
With  it  both  chambers  of  the  eye  are 
filled.  According  to  His  it  passes  easily  through  the  tissue  of  the  cornea, 
and  we  know  that  when  evacuated  it  is  very  rapidly  replaced.  The 
aqueous  humour  is  an  alkaline  fluid  of  a  sp.  gr.  of  1*003-1*009.     It 


Fig.  585.— Diagrmm  of  the  stractnre  of 
the  lens,  a,  capsale;  b,  epithellmn ; 
r,  lens  fibres;  d,  anterior;  ande,  po»- 
terior  end;  /,  nadear  zone. 
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possewsses  no  form  elements,  but  is  simply  water  containing  1-1-5  per 
cent,  of  solid  matter  in  solution ,  which  is  secreted,  probably,  by  the 
vessels  of  the  ciliary  processes  and  iris.  The  solids  dissolved  in  the 
humour  aqueous  are  albumen  in  combination  with  soda,  urea  according 
to  Millon  (p.  42),  extractives,  and  minei'al  substances.  Among  the  latter 
chloride  of  sodium  is  the  chief. 

We  avail  ourselves  here  of  an  analysis  of  Lohmeyer^s,  in  which  he  gives 
the  following  average  composition  of  the  fluid,  as  found  in  the  eye  of  the 
calf;— 

Water, 986-870 

Albuminate  of  sodium, 1*223 

Extractives, 4*210 

Chloride  of  sodium, 6*890 

Chloride  of  potassium, 0*113 

Sulphate  of  potassium,     .....  0*221 

Earthy  phosphates, 0*214 

Lime  earths, 0*259 

The  refracting  index  of  the  human  aqueous  humour  stands,  according 
to  Krause,  at  1*3349.  The  exponents  of  refraction  for  the  vitreous 
humour,  lens,  and  cornea,  are  all  mentioned  with  their  respective  tissues. 

The  fact  that  puncture  of  the  vitreous  humour  causes  the  escape  of  some 
fluid,  but -not  of  all  contained  in  it,  seems  to  indicate  (apart  from  its  finer 
texture),  the  presence  of  some  structure  within  it  of  membranous  op  septal 
nature.  But  this  is  still  a  matter  of  great  obscurity.  The  existence  of 
a  system  of  concentric  lamellae,  or  of  vertical  partitions  arranged  like  those 
of  an  otange,  radiating  from  a  centre,  has  been  supposed  by  many  from 
what  they  have  observed  in  artificially  hardened  eyes.  Neither  of  these 
views,  however,  has  been  confirmed. 

But  the  presence  of  an  external  envelope,  of  the  membrana  hyaloidea, 
was  for  years  admitted  by  alL  This  is  an  extremely  delicate,  structure- 
less pellicle  lying  loose  upon  the  retina,  and  only  attached  at  the  entrance 
of  the  optic  nerve  to  the  latter,  and  anteriorly  to  the  ciliary  body. 

In  the  neighbourhood  of  the  ora  serrata  it  was  formerly  supposed  that 
the  membrana  hyaloidea  split  into  an  interior  delicate  and  posterior 
thicker  lamina.  These,  increasing  gradually  in  distance  from  one  another, 
were  held  eventually  to  be  inserted  into  the  capsule  of  the  lens  and  fused 
into  it.  The  posterior  leaf  was  known  as  the  true  hyaloidea,  and  the  anterior 
the  zonula  Zinnii,  while  the  passages  enclosed  within  them,  which  encircles 
the  lens  in  its  equator,  received  the  name  of  the  canal  of  Petit.  The  latter 
is  occupied  either  by  a  small  amount  of  fluid  during  life  {Koelliker),  or 
the  two  lamina  come  into  contact  (Henle). 

This,  however,  has  been  denied,  within  the  last  few  years,  by  the  most 
competent  authorities  (Merkel,  Iicanoff), 

According  to  their  views  there  is  no  such  thing  as  a  special  membrana 
hyaloidea,  but  merely  a  limitans  of  the  retina,  while  anteriorly  the  zonula 
ciliaris  becomes  well  marked  as  a  special  layer.  Schwalbe,  however, 
opposes  this  view  in  favour  of  the  old  idea. 

The  zone  of  Zinn,  closely  united  to  the  ciliary  processes,  is  indented  by 
them,  presenting  somewhat  the  appearance  of  a  ruff,  inserted  with  its 
wavy  border  into  the  capsule  of  the  lens.  Although  to  the  naked  eye  it 
appears  formed  of  a  strong  transparent  membrane,  it  presents  under  the 
microscope  a  system  of  very  pale,  stiff  fibres,  holding  a  meridional  direi  • 
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tion,  beet  aeon  near  the  lens,  Theae  were  discovered  hy  Henle.  They  ai*> 
iome  of  them  Yeiy  fine,  some  ntrongerf  as  though  made  ap  of  bundles  of 
the  first,  aod  are  often  connected  together  in  a  retiJbrm  üianner.  In  tnany 
points  this  membrane  resembles  certain  kinds  of  connective- tissue,  although 
we  are  unable  to  discover  at  the  nodal  parts  the  usual  nucleus  of  the  con- 
nective-tiMtie  corpuscle.  The  fibres  resist  also,  with  great  obstinacy,  th<9 
action  both  of  alkalies  and  acids. 

§  3U, 

The  retina  of  the  eye  consists  primarily  of  an  expansion  of  the  optic 
nervej  but,  besides  thi.%  it  contaios  other  form-elements  of  various  kinds, 
presenting  a  very  complex  structura  The  extraordinary  delicacy  of  this 
membrane,  combined  with  it^  liability  to  rapid  decompositioUj  render  it 
one  of  the  most  difficult  objects  of  bistologieal  investigatiou.  For  this 
reason  the  controversies,  in  re^aixl  to  its  structure,  arc  still  far  fi-om  b<3in^ 
aet  at  resfcj  in  spite  of  very  extensive  and  thorough  study,  aided  by  the 
discovery  of  the  action  of  chromic,  and  later  of  osmic  acids,  on  rucIi 
tissues. 

Of  the  later  observe:^  who  have  largely  added  to  our  knowledge  of  thn 
structnro  of  the  retina,  II.  MMer  de^rves  to  be  first  nientionecL     More 


Fig.  fi»6.  PIfr  B»t 

Vtfttcil  KctloD*  of  the  liirnifliT  wttiuL  Flß,  .^»rt,  htlf  tn  iacJi  from  tbe  etilnmo«  eti  the 
eptlc  n^TTü.  Fiff.  iSJ,  ^lom  to  lliis  iMlter.  h  tft;r«r  of  Uie  rod*  uid  «1119  {offinHüar 
hjfw},  buoaded  utidffm«Ath  liy  tlw  m*miit^fnt  timitanw  «t/yiwif  X  »xt*Tl^•j  #ranikr 
ktjtTj  JjnJ^rgrmnTiljir  layer  t,  4,  internal  errinnlsrUyerj  A,  molfculir  JijfT  1  Ä.  liffr 
of  (he  gangUc^ti  ctslli;  7,  PK^tKotlnin  rf  »(ittc  flftr^j  ;  S,  «njitvnucnlju-  fibrti  at  MlUl^f 
%  iHvir  att Kchinent  lu  tiie  tnfmbrana  Hmit'mM  {nitrma  ;  10^  the  ImUer. 

recently  still,  the  master-roind  of  J/^x  SchuUzd  has  swept  away  nmuy  of  thit 
ditfiGultiei  which  hung  about  this  subject^  on  which  he  was  jtistly  rej^rded 
as  the  highest  authority  at  the  time  r^f  his  lamented  death,  which  took 
phice  on  the  16th  of  January  1874, 
41 
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The  depth  of  tMs  nervous  caat,  at  the  point  of  ontranco  of  the  optiai 
nerve,  where  H  is  frreatest,  is  from  0-38  to  0*23  niiiu  Anteriorly  it  Ihinsl 
off  to  nbout  lialfof  this,  and  at  its  foremost  edge  it  \s  stUl  0*09  mm.  mi 
thickness.  Here  it  ends  with  an  undulating  "border,  the  ora  ^errofAf 
External  to  the  point  of  entmnce  of  the  optic  nerFe,  and  about  3*4  mnuj 
from  the  centre  of  the  latter,  a  yellow  spot,  the  maeida  luieOy  may  beq 
observed,  an  oval  patch  about  3*4  mm.  long  and  ri3  mm,  in  breadth,] 
tinged  with  diffus«  yeEow  pigment  In  its  centre  it  presents  the  ßmea  cen^l 
traiiSf  an  irregular  depression  corresponding  to  a  great  decrease  in  thick- ' 
nesa  of  the  retina.  The  macula  lutea  is  the  point  at  which  sight  is 
clearest. 

The  retina  (Rrs.  586  and  587)  consists  of  the  following  laveis,  in  anc^i 
cession  from   withotLt  inwards :    (1)  the  layer  of  the  rods  and  coTiurl 
(coluranar  layer,  1-1);  (2)  the  jTwmhrana  Umitans  eMenm  (between  l-I 
and  3);  (3)  txtemul  granulär  layer  (2,2);  (4)  the  intergranular  layer  ^ 
^3,3) ;  (5)  tlie  internal  granular  layer  (4.4) ;  (G)  the  so-cslled  jjujlcculftr 
*  layer  (5,5) ;  (7)  the  ganglionic  cell  layer  (6,6) ;  (8)  the  e.'tpajisitin  of  the 
optic  fiertm    (T.7) ;  (9)  of  the  membrana  Itmitanif  internfj  (10*10);  we 
add  finally  (10)  of  the  pigmeiüarti  layer. 

We  have  ii>cently  be^n  brought  to  consider  this  chaos  of  textni*! 
elements  as  consisting  of  two  essentially  different  conatitnents*  attlioiigh 
it  Is  still  difficult  to  draw  everywhere  a  sharp  lirie  between  them,     Tbft  j 
retina  possesses  in  the  first  place  (and  in  this  it  resembles  the  central  nerv- 
ous system)  a  connect ive-ti^t£f!  framework.     This  spring  up  in  the  outer  ^ 
part  of  the  retina,  soon  attaining,  at  the  inner  md&  of  the  rod  and  cone 
layer,  considerable  development  as  the  vtevthran/i  timiian^  ejtiGi-na,    Frnm 
this  it  spreads  itself  throughout  aU  the  retinal  strata  Iving  intemal  to  i 
this,  and  terminates  by  forming  the  me>nhranfi  Uniiians  ini/^rna.     Between 
these  two  membranes  are  stretched  a  number  of  vertical  simteTita/:uiar 
septii,  the  radial  fibres,  or  fibres  of  Müllen     The  remainder  of  the  retina 
— and  in  this  is  included  a  system  of  similarly  radiating  or  obtiqm  nervous 
fibrilLjE — may  probably  be  reckoned  to  the  nervous  ti^sue^ 

RE^AlitCs. — Licemturc  [s  v^ry  rich  in  new  casnys  upoa  th«  sUnettir«  of  t(i«  reUuM* 
Tht  lost  ar«  those  qT  I£.  J  fäller  and  M.  Sdiuliz^, 

§  315. 

We  turn  now,  first  of  all,  to  the  delicate  smtentacttlur  tissue  of  the 
retina,    , 

For  our  acquaintance  with  this  we  are  e<?pecially  indebted  to  3f,  SchtiHstt 
and  any  one  whorhas  thoroughly  investigated  the  subject  with  an  uubw 
mind  will  he  forced  to  concede  the  correctness  of  his  viewa 

The  ix»int  from  ^vhich  this  framework  of  the  retina  starts  (fig*  588» 
Ä)  is  a  modified  hounding  layer,  about  OOOH  mm.  in  thickniiyäa,  the 
transparent  mem  br  ana  limit  am  interna  (/),  Anteriorly  it  is  stronger  Um 
posteriorly.  Its  internal  surface  is  smooth,  but  not  so  the  external,  fron 
which  a  series  of  snstentaeular  fibres  (e)  take  origin,  whieh  tmver 
almost  the  wliole  thickness  of  the  retina,  perpend icidarly  to  its  inter 
Burface.  These  are  known  as  the  radiating  fibres  of  Müller,  AV»»ent 
the  macula  Intea,  tiiey  increase  in  quantity  anteriorly.  They  spring  fron 
the  mBmbrana  llmtians  interna  with  a  delicate  triangular  flat  or  conL 
pedicle,  or  with  several  extremely  fine  fibrils,  which  unite  at  very  »cuta 
angtea  (e^  below).  In  their  course  they  give  off  numerous  bmnches,  by  which 
ihey  are  connected  one  with  another  in  a  retiform  manner.     In  addition 
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to  these  stronger  bands,  and  passing  into  them  without  any  sharp  line  of 
distinction,  we  find  at  certain  points,  but  especially  in  the  molecular 
(g)  and  intergranular  layer  ^ 

{d)f  an  extremely  delicate 
porous  or  spongy  tissue  (e), 
like  that  already  met  with 
in  the  grey  matter  of  the 
nervous  centres.  This  (neu- 
roglia) has  been  regarded  by 
some  as  an  artificial  product, 
formed  by  the  coagulating 
action  of  the  chromic  acid 
on  some  of  the  fluids  of  the 
tissue  {Herde), 

The  spongy  substance  in 
question  is  so  delicate  in  man 
and  many  other  mammals, 
that  with  weak  microscopic 
power  we  are  only  able  to 
make  out  a  dotted  mass, 
perhaps  adherent  to  the  fibres 
of  Müller.  Very  strong 
lenses,  on  the  other  hand, 
reveal  its  reticulated  struc- 
ture and  connection  with  the 
sustentacular  bands,  whose 
outline  on  that  account  is 
by  no  means  smooth.  In 
different  portions  of  the 
retina,  however,  this  susten- 
tacular matter  presents  much 
variety.  In  some  of  the 
nodal  points  nuclei  are  to  be 
seen,  so  that  here  again  we 
have  the  cellular  equivalents 
of  the  grey  matter  of  brain 
and  spinal  cord.  In  the  in- 
ternal granular  layer  the 
fibres  of  Müller  are  observed 
to  be  possessed  invariably  of 
elongated  nuclei  (e'). 

The  sustentacular  matter  we  are  considering  extends  as  far  as  the 
internal  surface  of  the  so-called  rod-layer  {columnar). 

Here  we  find  a  repetition  of  the  relations  already  seen  at  the  internal 
surface  of  the  retina,  although  less  marked,  namely,  a  fusing  together  of 
the  fibres  of  Müller  to  form  a  cribriform  limiting  membrane.  To  this 
(a,  a),  which  usually  presents  itself  in  vertical  section  as  a  sharply 
defined  line,  the  name  of  membrana  limitans  externa  has  been  given 
{Schnitze).  But  the  name  is  unfortunately  selected,  for  many  of  these 
bands  of  Müller  apparently  terminate  before  reaching  it,  in  the  first  place 
— namely,  in  the  intergranular  layer,  or  even  deeper  still ;  and  then,  again, 
as  very  recent  observations  show,  the  connective-tissue  sustentacular 
matter  does  not  cease  at  the  membrana  limitans  externa.     It  extends 


FJflr.  Ö88.— IMflgmm  of  the  retina,  after  SchulUe,  with  It« 
connective-tlwue  portion,  a,  Membrana  limitam  «xUrna ; 
e.  radlatinf;.  or  MOller't  sustentacular  tibrvn,  with  their 
nuclei  <f ;  d,  framework  of  the  InterKvanulHr,  and  g,  of  the 
molecular  layer ;  /,  mtnU>rana  limitans  interna. 
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further  outwards  still  as  a  system  of  delicate  envelopes,  the  consideTatioii 
of  which  we  must  reserve  for  a  future  section. 

§316. 

We  must  now  devote  our  attention  more  particularly  to  the  several 
strata  of  the  retina  in  succession. 

(1.)  The  columnar  layer ,  stratum  hacilloisum  or  menibrana  Jacohi^  is 
composed  of  two  kinds  of  very  remarkahle  elements — the  rods  and  cones, 
which  are  arranged  perpendicularly  side  hy  side. 

The  rodSf  bacilli  (fig.  589,  b)  are  delicate  cylinders  extending  through 
the  whole  thickness  of  Jacob's  memhrane.  They  consist  invariably  of 
two  portions,  as  was  shown  by  Braun  and  Krause^  after  Müller, — of  an 
external  member,  slender,  homogeneous,  and  transparent,  and  possessed 
of  high  refracting  power,  and  of  an  internal  member.  The  latter  is  some- 
what greater  in  diameter  than  the  first,  and  paler  in  outline;  it  not  unfre- 
quently  presents  a  granular  appearance. 

The  internal  joints  of  the  rods  become  more  deeply  dyed  by  carmine 
than  the  external,  which,  on  the  other  hand,  are 
blackened  by  the  action  of  osmic  acid,  while  the 
internal  member  remains  for  a  long  time  quite 
colourless  in  the  same.  The  reagent  j  ust  mention- 
ed has  come  greatly  into  use  since  its  application 
by  ScJiultze  to  the  investigation  of  the  structure 
of  the  retina.  According  to  this  observer,  the 
external  member  is  double  refracting  in  the  frog, 
but  not  the  internal  The  length  of  the  whole 
rod  in  man,  which  is  greatest  in  the  posterior  part 
of  the  eye,  is  0*0600  mm.;  more  anteriorly  it  is 
00501  mm.,  and  at  the  ora  serrata  about  0*0399. 
Its  thickness  may  be  stated  at  from  0*0016  to 
0*001 8  mm.  (Müller).  Regarded  from  a  chemical 
point  of  view,  these  structures  appear  to  con- 
sist of  an  extremely  perishable  albuminoid  sub- 
stance. Owing  to  this,  they  present  themselves 
under  the  microscope  in  the  greatest  variety  of 
shapes. 

The  external  truncated  end  of  the  column  is 
in  contact  with  the  pigmentary  epithelium  of  the 
choroid.  In  the  three  first  classes  of  the  verte- 
brates the  cells  of  the  latter  form  around  the 
external  members  of  the  rods  (and  also  of  the 
cones)  complete  pigmentary  sheaths. 

This  may  also  be  seen  among  the  mammalia, 
but  slightly  marked  however.  From  the  under 
surface  of  these  cells  filiform  prolongations  of 
their  bodies  extend  downwards  between  the  rods 
(and  cones),  like  pencils  of  very  fine  hairs. 
The  inner  members  of  the  rods  extend  some- 
what beyond  the  limitans  externa  in  the  form  of  very  fine  points,  easily 
broken  off,  and  which  are  prolonged  into  filaments  of  the  most  extreme 
delicacy.  Under  careful  treatment  with  certain  reagents,  the  latter  are 
found  to  present  varicosities,  similar  to  those  so  characteristic  of  nervous 
filaments.     Each  of  these  bacillary  threads  traverses  the  external  granular 


Fig.  589.— Rods  and  cones  from 
the  equatorial  portion  of  the 
retina,  after  Schuhte,  a,  Mem- 
6rana  limttans  fxtema;  b, 
rods;  c,  cones;  I/,  rod  fprn- 
nule;  e\  cone  (granule;  </,  in- 
tergranular  layer. 
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layer  perpendicularly, — or  in  other  words,  in  a  direction  convergent 
towards  the  centre  of  the  eyeball  Eventually  it  terminates  in  a  body 
known  as  its  "  granule"  {b').     We  shall  be  obliged  to  refer  to  it  again. 

The  rods  of  the  retina,  like  the  cones,  belong  to  those  few  tissue 
elements  of  the  animal  body,  which  manifest  characteristic  differences 
among  the  various  classes  of  living  creatures.  In  the  eyes  of  naked 
amphibians,  such  as  frogs,  toads,  and  salamanders,  they  are  enormously 
large. 

The  great  tendency  to  change  after  death,  manifested  by  the  rods, 
renders  it  a  difficult  point  to  decide  how  far  many  other  structural  pecu- 
liarities recently  described  by  numerous  observers  really  exist  in  the  living 
retina. 

The  first  point  to  be  bofne  in  mind  is,  that  the  internal  member  of  the 
column  is  not  found  to  be  homo- 
geneous among  all  the  mammalia.  In 
connection  with  the  larger  rods  of  the 
batrachia  (fig.  590,  2,  3),  of  fishes 
(4),  and  even  of  birds  (1),  we  meet — 
namely,  with  remarkable  lenticular 
bodies  of  hemispherical  or  planopara- 
bolic  figure,  whose  flat  sides  are 
applied  to  the  bases  of  the  external 
members  (a,  a).  These  structures 
are  extremely  rapid  in'  decomposition 
(Sehtätze),  They  have  been  named 
"  bacillary  elipsoids**  (Stäbchen  elip- 
aoide)  by  Krause. 

It  has  been  long  known  (but  the 
process  has  been  recently  more  fully 
investigated  by  Schultze)  that  the  ea>- 
temal  hMvea  of  the  rods  may  resolve 
themselves  (fig.  591,  5)  into  a  number 
of  transverse  plates,  or  if  the  process  of 
decomposition  have  progressed  farther, 
into  thin  disks,  resembling  slightly 
those  of  the  muscle  fibres.  The  transverse  markings  are,  in  man  and  the 
mammals,  about  0  0003-0*0004  mm.  distant  from  one  another  (SchuUze). 

The  external  members  of  the  rods  present  further,  as  has  been  known 
for  years  (Mensen,  Schultze),  a  pecidiar  longitudinal  striation.  Transverse 
sections  in  the  frog  show  that  this  isjproduced  by  a  longitudinal  grooving, 
running  to  the  extent  of  internal  cleavage. 

However — and  here  we  tread  upon  very  uncertain  ground — the  in- 
ternal joints  of  the  rods  in  man,  and  many  mammals  (fig.  591, 1,  3),  present 
superficial  longitudinal  striation  too.  This  is,  perhaps,  directly  continu- 
ous with  the  longitudinal  cleavage  rifts  of  the  external  members.  It 
appears  to  correspond  to  a  delicately  grooved  connective-tissue  investing 
lamina,  which  would  therefore  represent  an  outward  prolongation  of  the 
membrana  limitans  externa.  Quite  recently  this  has  been  named  by 
SchuUze  the  "fibre-basket."  According  to  this  observer,  however,  the 
tn^maZ  joint  of  the  rod  presents,  likewise,  a  fibrillated  structure,  and, 
moreover,  in  the  interior. 

We  shall  now  enter  somewhat  further  into  the  consideration  of  the 
various  views  entertained  upon  this  very  obscure  subject 


Flff.  S9a— Strnettire  of  tlie  rods  of  the  retina. 
1,  From  the  hen;  3,  from  the  frog;  3,  from 
the  salamander;  4,  from  the  pike,  showing 
external  and  Internal  members,  and  In  the 
latter  the  lenticular  bodies  referred  to  in  the 
text;  fi,  resolution  of  the  external  portion  of 
a  column  Into  disks,  from  the  frog  (after 
SehuUu). 
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la  the  year  ISßO  a  very  fine  fibre  wm  said  by  EUter  to  exiat,  mmmig, 
ihrougli  the  ftxia  of  tha  rod.  lliis,  lie  alligedt 
termintttea  externally  with  a  digUt  gwelUli^ 
Itavmg  the  hollow  rod  iiitemally  in  the  fortn  of 
the  bacillary  thread,  Äbeft^iy  referred  to,  This 
statement  ha»  received  couurmntion  from  Mmm^ 
Spi^n^  Memm,  and  Hamet  hut  its  cürrectoe« 
haa  heen  questioned  by  Kmtm,  Hulkt^  St^mHsi^ 
and  olhcm  In  fig.  592,  2»  we  have  given  m 
represeutatioii  of  tbesee  *'  tibt«a  of  RUt^r,'*  alW 
SfJtuihe.  Their  existance  in  the  rect^uL  retina 
may  he  regarded  aa  still  undeciJed* 

Ttiniing  now  to  the  eoncM  (fig.  588,  B,  it),  we 
iind  a  still  more  remarkahle  fitnicture  thiui  in  Ih© 
lii^t  In  man  these  bodies  present  the  ahape  of 
ßlenJer  flasks,  whose  bases  are  seated  upon  the 
external  limiting  membrane.  At  their  naiTower 
ends  they  nin  into  somewhat  pointed  rod  like 
structures,  of  the  most  extreme  delicacy,  and  Tery 
prono  to  rapid  decom position.  These  are  known 
as  tlie  coni^^ttjk»  (Zapfenstabcben).  They  cor- 
respond to  the  outer  Ijalves  of  the  so-near! y  related 
rods,  and  mänifo&t  a  tenJenry  to  break  up  into 
the  same  aeries  of  diBkaas  the  latter  {%,  59),  2  «i ; 
S94,  h).  The  inferior  expanded  portion  (iinswer- 
ing  to  the  belly  of  the  flaak),  the  body  of  tht?  cone, 
is  at  one  time  stumpy  and  broad ^  at  aiHtLber,  thin 
and  slender;  from  0'0041  to  000G7  mm.  m 
diameter.  The  cones  of  the  maeula  lutea  are 
partiuubrly  skmier;  thoy  will  be  rBf«!m?d  U> 
figain  later  on.  Here  also  the  aanie  longiludinal 
Btriation  ifi  presented  to  us  ((ig.  591^  2,  ^),  which 
we  have  seen  in  the  analogous  interiml  joint  of  the 
rods,  Tliö  interior  is  likewise  obsen'ed  to  possess 
a  fihrillated  strueture.  At  tht?ir  host*^,  immeiii^ 
at*?ly  nndemeath  the  limitana  (fig.  591,  2^  J),  is 
situated  the  **  emie  ^rtmule^^'  £i  slight  constriction 
intervening  between  the  two.  This  body  coneisti  of  a  small  oval  or  pyri* 
form  cell,  possessing  both  nucloua  and  nucleolus,  and  belonging  ti>  the 
extefiml  gtanular  layer  of  the  rettn|.  The  whole  length  of  the  «ones  is, 
as  a  rale,  sornewhat  less  than  that  of  the  rmls,  and  sometimes  conside^ 
ably  BO,  as  in  the  retinii  of  the  pig  (Schultz^), 

In  rcj^urd  to  the  pro|x>rtion  of  roja  and  cones  in  the  human  retii 
much  diöereuce  has  been  remarked  a«eording  to  locality.  In  th<^  macu 
lutea^  where  the  sense  of  sight  is  most  acute,  cones  ah>ne  are  to  be  foun^ 
as  was  dis^ovejDad  by  Ilenld  (fig*  593,  1),  Aroun^l  this  spot  the  cones  are 
still  crowd^lj  so  that  tliey  are  only  encircled  by  single  rows  of  loda 
(2).  Further  forwards  and  externally  ihey  occur  more  rarely^  and  ai« 
surrounded  by  seveiul  rings  of  rods  (3),  Tlie  number  of  the  ktler, 
therefore,  in  the  whole  retina,  exceeds  by  ftir  that  of  the  concsu 

The  rods  and  cones  of  the  ape  tribe  are  similar  in  all  pointo  ta  tliose  of 
the  human  being« 

In  most  of  our  domestic  animals,  likewiee,  such  as  the  ox«  aheefi,  pig. 


fiff'  S9|«— FlbrltUir  etmtlnff  of 

i.  Convi  fof  m«iii  a,  EX'^ 
tcrnak :  I.  Inl«!rti«l  jqtfit^  e, 

anM  ij-imtiA  i.  Had!  ittvm 
the    Bhefp).      Th«    lltiirUl« 

Julnt.  Ttio  «Ktcrnal  mtrn- 
txt  it  mUiMiniK  (nit«? 
SKAtdtul 
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horse,  and  dog,  the  same  Tariety  in  the  distribution  of  both  elements  of 
the  retina  may  be  observed. 

Strange  to  say,  however,  the  retina  of  the  bat  is,  according  to  Schultze, 
quite  destitute  of  cones  (although  this  is  indeed 
denied  by  Krause),  The  same  is  the  case  with 
the  hedgehog,  the  mouse,  the  Guinea-pig,  and 
mole,  as  weU  as  many  nocturnal  and  burrowing 
animals. 

In  the  cat  we  find  but  ill-developed  cones,  while 
in  rabbit  and  rat  traces  merely  of  them  exist 
(Schultze).  Whether,  as  appears  probable,  tlie 
retina  of  the  whale  is  quite  without  cones,  is  a 
point  which  requires  further  investigation. 

The  eyes  of  bony  fishes  approach  those  of  man  in 
many  respects ;  their  cones  are  of  considerable  size. 
In  rays  and  sharks  rods  alone  are  to  be  found. 

The  case  is  quite  different  in  birds  and  the  naked 
amphibia.  In  the  first  of  these  cones  are  present 
in  large  numbers,  reminding  ns  of  the  yellow  spot 
in  the  human  eye.  In  the  lizard  and  chameleon, 
on  the  other  hand,  rods  are  entirely  absent ;  perhaps 
also  in  the  snake. 

The  cones  of  the  bird's  retina  are  remarkable  for 
peculiar  spheroidal  structures  at  the  junction  of  style 
and  body,  more  or  less  imbedded  in  the  latter. 
They  are  glittering  in  appearance,  and  occupy  the 
whole  breadth  of  the  cone,  so  that  no  ray  of  light 
can  pass  them  by.  They  are  usually  of  a  yellow  or  red  tint,  but  rarely 
colourless.  In  owls  (nocturnal  fowl,  as  every  one  knows)  the  long  rods 
become  again  so  prominent,  and  the  cones  so  few  in  number,  that  the 
ordinary  structure  of  the  bird's  retina  is  reversed.  Red  spheroids  are  never 
found  here,  and  those  yellow  present  become  paler  near  the  ora  serrata. 

Globules  similar  to  those  just  mentioned  are  to  be  met  with  also 
among  the  scaly  amphibia.     In  the  cones  of  the 
tortoise  they  are  red,  yellow,  or  colourless ;  in 
lizards  yellow. 

Among  the  naked  amphibia  we  find  a  few 
very  small  cones  standing  amid  a  host  of  colossal 
rods. 

The  former  present  either  colourless  or  pale 
yellowish  globules  at  the  point  of  union  of  style 
and  body. 

The  "  twin  cones,"  as  they  are  called,  discovered 
some  time  ago  by  Hannover,  present  to  us  an- 
other remarkable  modification  of  these  structures. 
These  are  united  to  each  other  by  their  lateral 
surfaces,  remaining  on  the  other  hand  quite  dis- 
tinct as  regards  their  styles  and  bodies.  They  are  frequently  met  with 
in  bony  fi.shes ;  but  even  in  birds  and  amphibia  may  be  found  inteiv 
spersed  with  the  simple  cones  (Schultze), 

They  are  probably  the  result  of  an  uncompleted  process  of  longitudinal 
segmentation  of  the  simple  elements  (Steinlin,  Dohrowohky), 

Tlioae  peculiar  lenticular  bodies  already  mentioned  as  occurring  within 


Fl?.  593^— Stnictare  of  the 
lojis  of  the  retina.  1. 
From  the  Guinea-pig;  a, 
with  internal  and  exter- 
nni  menibfr;  6,  stili  In 
connection  with  a  trans- 
versely striped  granule. 
3.  Macerated  rods  from 
MacactuCifnomoigut,m\\h 
altered  external  and  in- 
ternal members,  and  the 
''fibres  of  Aif/«r'' 111  the 
axes  of  the  latter  (after 
SchuUu). 


Fig.  693.— The  stratum  badljo- 
sura  viewed  from  without,  a, 
cones;  6,  cone-styles;  (,  ordi- 
nary rods.  1.  Kiom  the  yellow 
spot;  3.  from  the  border  of 
the  same ;  3.  from  the  middle 
of  the  retina. 
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the  substance  of  the  internal  members  of  the  rods,  close  to  their  jonctioii 
with  the  outer  halves  (ellipsoids  of  Krause)^  are  of  not  very  infrequent 
occurrence  in  apes  (lig.  594,  h),  frogs,  and  water 
newts  (ScJiuLtze),  The  human  cones  possess  ihem 
also  (Dohrowolsky). 

(2.)  Having  already  devoted  sufficient  time  to  the 
consideration  of  the  membrana  Umitans  externa  in  the 
foregoing  §,  we  shall  now  turn  to  the  next  stratum. 

(3.)  The  exteiTUil  granular  layer,  stratum  ffranulo- 
sum  externum  consists  of,  besides  the  sustentacular 
connective-tissue,  several  strata  of  small  cells,  whose 
scanty  body  merely  covers  thinly  their  nuclei  (fig. 
595,  i4  between  a  and  d).  The  whole  bed  ranges  in 
thickness  from  0*0501  to  0*0600  mm.  over  the  greater 
part  of  the  retina,  but  decreases  in  depth  both  to- 
wards the  ora  serrata  and  near  the  axis  of  the  eye. 
The  cells  of  which  this  layer  is  made  up  arw  con- 
nected both  with  the  rods  and  cones,  and  have  con- 
sequently been  classed  into  cone  granules  (fig.  589,  b') 
and  rod.  granules  (c').  The  former  are  somewhat 
pyriform  or  roundish  oval  in  shape,  and  are  remark- 
able for  their  size  (0  0090-0  01 20  in  length,  0-0041- 
0*0061  mm.  in  breadth) :  they  also  possess  both  a 
large  nucleus  and  nucleolus.  They  are  never  marked 
by  those  dark  transverse  lines  discovered  recently  by 
Herde,  which  are  only  to  be  seen  on  the  rod  granules. 
We  have  already  described  these  bodies  as  applied 
to  the  bases  of  the  cones,  so  that  nothing  more  need 
be  said  here.  The  second  species  of  granules  are 
smaller  (0*0045-0*0079  mm.)  oval,  and  generally 
more  numerous  than  the  last.  They  are  rarely  applied 
immediately  to  the  bases  of  the  rods,  but  are,  as  a 
rule,  connected  with  the  latter  by  a  shorter  or  longer 
filament  as  the  case  may  be.  Those  dark  transverse 
zones,  already  alluded  to,  which  are  observed  on  them  (fig.  592,  1),  are 
still  difficult  to  interpret.  They  are  possibly  post-mortem  appearances. 
They  may  be  single  or  multiple,  but  are  usually  double  on  each  rod 
granule  (Henle,  Hasse,  Schtdtze). 

There  now  remain  for  our  consideration  the  nervous  filtre  elements  of 
the  inter-granular  layer. 

As  the  fine  fibres  coming  from  the  extremities  of  the  rods  enter  the 
corpuscles  above,  so  do  they  leave  the  same  at  their  opposite  end,  and 
descending  perpendicularly  enter  the  inter-granular  layer.  Here  they 
appear  to  terminate  with  a  fusiform  or  button-shaped  swelling,  exceeding 
the  ordinary  varicosities  in  magnitude  (fig.  595,  B;  fig.  589).  But  in 
reality  they  have  a  longer  course.  Thus  Hasse  has  in  many  case^  seen  a 
delicate  filament  leaving  this  swelling,  and  losing  itself  in  the  inter- 
granular  layer.  He  looks,  therefore,  upon  the  little  body  as  "  an  inter- 
polated ganglion  celL" 

According  to  Schultzens  observations,  extremely  delicate  filaments  may 
be  seen  very  distinctly  to  spring  from  these  small  swellings  (at  least  in 
birds  and  amphibia),  and  taking  a  horizontal  course  to  become  lost  in  the 
tangle  of  the  inter-granular  layer. 


Fig.  594.  —  /I,  hnman 
.  cone  with  decomposed 
external  member,  and 
an  apparently  fibroiu 
internal  half;  6,  the 
same  from  Macacvs 
ejmonwltfiu,  showinior 
division  into  platM  of 
the  8'yle,  and  lenti- 
cular Atructui-e  in  the 
b'»dy. 
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the  cone   grauule 


The  fibres  which  descend  perpendicularly  from 
through  the  external  granu- 
lar layer  (fig.  589),  differ 
from  the  rod  fibrillse  in  their 
greater  thickness  (reaching 
0-0029  mm.)  though  still  of 
great  delicacy.  They  tra- 
verse the  layer  just  men- 
tioned in  a  straight  course, 
coming  likewise  to  an  end 
at  the  outer  surface  of  the 
stratum  intergranulosum  in 
a  conical  swelling.  In  this 
course  they  present  consider- 
able resemblance  to  axis 
cylinders,  and  give  indica- 
tions of  being  made  up  of 
the  most  delicate  axis-cylin- 
der fibrillae  (comp.  §  176). 
Schnitze  states  (the  expan- 
sion on  the  fibres  having 
been  recognised,  however, 
before  by  Müller  and  Henle) 
that  in  the  stratum  inter- 
granulosum he  has  distinctly 
seen  a  splitting  up  of  those 
cone  fibres  into  extremely 
delicate  fibrillae,  whose 
course  from  that  on  is  hori- 
zontal (fig.  595,  B,  d). 
Haase,  on  the  other  hand, 
never  observed  more  than 
three  of  these  processes,  one 
single  in  the  middle,  and 
one  at  either  side.  He  re- 
gards this  expansion  as  tri- 
angular and  smooth.  The 
central  process,  he  believes, 
moreover,  he  has  followed 
up  in  a  perpendicular  course 
into  the  inter-granular  layer. 

It    seems    almost    super- 
fluous to  remark  that  the  external  granular  layer  is  only  composed  of  rod 
corpuscles  when  the  retina  is  destitute  of  cones. 

Finally,  this  layer  appears  to  possess  no  connective-tissue  cells. 

§317. 

Passing  on  now  to  the  consideration  of  the  remaining  layers  of  the 
retina,  we  take  the  next  in  succession. 

(4.)  The  stratum  intergranulosum  or  intergranular  layer  (fig.  595,  A, 
By  d,  d)  which  is  about  0*010  mm.  thick,  is  crossed,  as  we  know  already, 
by  the  radial  fibres  of  Miäler,  The  finely  dotted  substance  of  the 
intergranular  layer,  which  presents  the  appearance  of  being  streaked 


FifT.  595.— Diagram  of  the  retina,  after  SehuUxt.  B,  nearal 
constitnents;  6,  rods  with  external  and  internal  members; 
c  cones  with  style  and  body ;  I/,  rod-frranule,  and  c',  cone 
grannie;  d^  expansion  of  the  cone  fibre  forming  rery 
delicate  flbrillsB  in  the  int«rgrannlar  layer;  /,  granules  of 
the  Internal  granular  layer;  ff,  maze  of  very  delicate  fila- 
ments in  the  molecular  stratum;  A,  ganglion  cells;  A'« 
their  axis-cylinder  process;  i,  nerve-flbre  layer. 
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perpend iculiulj  by  tho  jibresj  of  Mutier  {when  seen  in  yertieal  section) 
IB  found  to  bo  composed  mniiil^  of  a  dense  connective-tissue  i\etwork. 
It  contains,  ns  waa  found  by  Müller  and  ScJmltse  in  fishes,  and  as  Koei- 
liJcer  recognised  in  the  mammalia,  a  superficially  expandtid  network  (with 
nuclei  in  the  nodal  points )j  formed  by  the  union  of  flalttsned  stellate 
cella.  This  exists,  aceording  to  Kransef  as  a  single  layer  in  all  verte- 
brates likewise,  and  has  been  named  by  him  mnmbrann  fenmtrata^  and 
declared  to  be  an  extremely  important  "boundary  structuiö"  for  tho 
netfna. 

At  present  but  little  is  known  as  to  the  airsngement  of  the  iii.*rroti 
fibre  elements  in  the  intergranular  layer.  According  to  Schtdt^^  the 
exists  here  an  interlacement  of  tlie  finest  fibriUie  running  horizon  tolly  and 
obliquely  (H^.  596,  i?,  d}^  formed  by  the  splitting  up  of  the  rod  and  eon«* 
fibres  already  mentioned  (§316).  In  the  opinion  of  Ilasfte^  however,  the 
two  eide  processes  only  of  the  latter  run  a  short  distance  in  an  oblique 
direction,  the  other  middle  fibre  sinking  perpendicularly  into  the  stratum 
iatergranuloaum, 

(5.)  The  dnitum  granuloiiU7ti  internum  or  internai  granular  hjtfer  is 
usually  (O'OS-O^Oi  mm.)  of  less  depth  in  man  than  the  ext^maL  Its 
"granuies"  are  also  somewhat  lai^ger,  and  more  dbtinct  in  outline* 

From  the  observations  of  Vint^^igaVj  Müller ,  and  Schultse^  it  woidd 
appear  that  two  kinds  of  elements  miiy  be  distinguished  here.  In  the 
lirat  place  (fig.  596,  B,  /),  we  meet  wilh  roundish  cells  remarkable  for 
their  diatitict  and  brilliant  outline,  large  nunlei  with  nucleoli,  and  small 
amotmt  uf  cell-body.  They  are  usually  spoken  of  as  bipolar,  i.*?.,  giving 
off  a  process  at  either  end.  These  processes  are  extremely  delicate,  but 
that  directed  outwards  towards  the  intergrauular  layer  is  of  considerably  ■ 
greater  diameter  than  that  springing  from  the  opposite  pole  {Schtilizc)^—i 
in  the  second  place,  we  find  pale-edged  oval  nuclei  with  large  nucleoli  {A^e"),  \ 

The  latter  elements  belang  to  the  connective-tissue  of  the  part  Tlie^  i 
are  not,  however,  as  was  formerly  supposed,  imbedded  in  the  fibres  ofi 
Afillier^  but  only  firmly  seated  npon  the  latter,  enveloped  in  masses  ofi 
delicate  spongy  tissue,  and  may  he  regarded  as  tho  central  points  of  cüfll*  | 
like  bodies.  In  number  they  full  far  short  of  the  first  species  of  granula  f 
For  the  rest^  the  connective- tissue  framework  of  the  internal  granular  I 
stratum  pre^^ents  the  same  Constitution  as  that  of  the  external. 

Here  also  we  are  igüorant  of  the  course  of  the  nervo  fibres.     As  in  the 
last  layer  treated  of,  so  here  strong  fibres,    corresponding  to    tho   axi« 
cylinders  of  the  cones,  are  wanting  in  the  jsh'ufti^m  gmfnii(mmi  exft'rnuni* 
We  can  only  expect  to  find  here  primitive  fibril lae,  or  fdexuse^  of  thoj 
same.     The  fine  threads  which  spriiig  from  both  poles  of  the  **grftuules,**  j 
giving  to  the  latter  the  appearance  of  small  bipolar  ganghon-CidJs, 
probably  fragments  of  such.     After  a  short  course,   however,  they  arfll 
lost  to  sight.     In  some  instances  such  a  thread,  springing  from  a  ceU 
situated  high  np,  extends  upwards  into  the  inter -granular  layer.     Again|J 
springing  from  cells  seated  low  down  near  the  molecular  lagert  filiformJ 
processes  may  be  seen  which  sißk  into  the  hitter. 

(G.)  The  stratum  iTtaleeulare^  tit ßneltj  granular  layer  (Bg),  presents  very 
much  the  appearance  of  the  delicate  molecular  matter  already  eneounterod 
in  the  grey  substance  of  the  brain  and  spinal  eord,  tJnder  higli  micro* 
scopic  power,  it  is  found  to  be  made  up  of  fine  spongy  tisi^ue»  As  has 
been  before  mentioned  (§  315),  this  layer  (in  man  0*03-0 "04  mm,  thick) 
\m  traversed  vertically  by  the  fibres  of  Müller.     It  appears  to  contftin  a 
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complete  maze  (B,  g)  of  the  most  delicate  nerve  fibrillse  {Schultze,  Steirdin^ 
Ha88e)y  which,  there  is  every  reason  to  believe,  spring  from  the  bipolar 
cells  of  the  internal  granular  layer  and  from  the  ganglion  cells. 

(7,)  The  stratum  cellulosunif  or  layer  of  the  ganglion  corpuscles,  is  the 
next  in  order.  It  lies  next  the  inner  surface  of  preceding  layer,  but  is 
indistinctly  marked  ofif  against  the  latter.  Its  pale,  delicate,  membraneless 
cells  (fig.  586,  587,  6 ;  596,  By  h)  are  of  different  sizes,  and  may  measure, 
when  particularly  large,  0*0377  mm.  in  diameter.  They  belong,  partly  at 
least,  to  the  multipolar  class,  like  those  of  the  brain  and  spinal  cord,  and 
appear  also  to  possess  a  fibrillated  structure  (§  179,  fig.  308).  It  is  pro- 
bable, also,  that  their  ramifications  have  the  same  relations  here  as  in  the 
nervous  centres.  One  of  them  directed  inwards,  the  axis-cylinder  pro- 
cess (Hg.  596,  Bf  W)  appears  to  be  continuous  with  one  of  the  horizontal 
optic  fibres  (e)  of  the  stra-  jg 

turn  fihrillosum  (Corti,  Be- 
makf  Koelliker,  H.  Müller, 
Scfiultze,  Hasse,  and  others), 
while  protoplasm  processes, 
on  the  other  hand,  are  given  off 
externally  (jf),  and  it  is  sup. 
posed  undergo  repeated  sub« 
division  here,  forming  in  the 
delicate  »pongy  tissue  of  the 
molecular  layer  a  tangle  of 
the  most  delicate,  and  pro- 
bably varicose  filaments. 

Finally,  commissural  pro- 
cesses have  been  stated  to 
exist  between  adjacent  gan- 
glion cells  (Corti,  Koelliker) ; 
but  this  has  lately  been  again 
questioned  by  many. 

The  depth  of  the  stratum 
cellulosum  (figs.  586  and 
587,  6)  varies  in  the  most 
interesting  way,  according  to 
locality.  It  is  greatest  op- 
posite the  yellow  spot,  where 
several  rows  of  cells,  some- 
times from  6  to  10,  may  be 
observed  lying  one  over  the 
other.  Hero  it  may  present 
a  thickness  of  0  0999  mm., 
except  in  the  fovea  centralis, 
where  it  is  much  less.  With 
the  distance  from  the  macula 
lutea  the  ganglionic  layer 
decreases  more  and  more  in 
depth,  until  but  two  rows  of 
cells  are  to  be  seen,  and  then  gradually  one  alone.  In  the  vicinity  of  the 
ora  serrata,  finally,  the  ganglionic  corpuscles  are  only  met  with  singly,  and 
with  an  ever-increasing  interval  between  them. 

In  the  middle  portion  of  the  retina  the  quantity  of  sustentacular  con- 


Fig.  59«. 
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nectivft-tjssue  found  between  theae  cells  is  emall^  while  anteriorly  the 
iihreH  of  Mu^ler^  becoming  more  and  more  nunierous  as  we  advance  in 
that  direction,  form  regular  compartments  fof  their  accommodation* 

(8.)  We  turn  now  to  the  expafmurt  f/  tlm  optic  nerves  the  xtmtum 
§,brüh8htm.  The  nerve  tubes  of  tlie  opticui,  which,  with  Sdmltm^  we 
believe  to  be  possessed  of  no  primitive  iheath,  and  which  mußt  eoDse- 
quentiy  tie  of  the  same  nature  as  tJie  nerve  tubes  of  the  centres,  lie  in  th« 
trunk  of  the  former  in  bundles,  separated  by  interstitial  counective-tiajiu©< 
Here  they  are  to  be  seen  as  dark  fibres  0  0045-0*00 14  mm.  in  thickneas^ 
and  frequently  varicose ;  and  in  ''this  foryi  they  pass  through  the  lamitm  ^ 
cribrosa.  In  their  ]>aäsage  through  the  funnel-shaped  opening  in  the  ' 
aclerotic,  and  as  far  as  the  coUifiUiiü  nervi  oplki  (/,^.,  that  alight  eminence 
projecting  internally  at  tbe  pohit  of  entrance  of  the  nerve),  they  lose  this 
dai'k -edged  meduUated  appearance.  Here  they  commence  to  &pr^d  i 
out,  forniing  a  membrnnou;;  layer  of  pale  hbreü,  that  ia,  of  naked  axis 
cylinilera  covering  the  inner  surface  of  the  retina  (Bommanj  Eemak^ 
ScJuiJtse),  but  stiil  associated  in  groups.  Diverging  now  more  and  more» 
the  huuiiles  are  seen  to  anastomose  at  very^  acute  angles^  farming  on6  of 
tliose  characteristic  plexuses  so  frequently  to  be  met  with  immediately 
before  the  termination  of  nerves.  Tracing  up  this  expansion  of  the  ührcB 
towards  the  ora  serrata,  we  find  the  fasciculi  becoming  thinner  and 
thinner,  and  the  distance  increasing  between  them,  Finally,  scattered 
nerve  tubes  alone  are  to  be  seen.  These  are  extremely  delicate  aiid 
marked  with  slight  varicosities,  and  decrease  in  number  more  and  mojw 
the  further  we  advance  forwards.  Throtighotit  the  whole  retina  thev 
probably  terminate  by  sinking  into  the  niultipolar  ganglion  cells  of  the 
layer  already  described.  From  what  we  have  just  seen  we  should  i?xpe€t  | 
to  find  great  inequality  in  the  thickness  of  various  parts  of  the  stratum 
librillosiim  ;  and  so  it  is ;  (,Iius,  in  the  neighbourhond  of  the  entrance  of 
the  optic  nerve,  the  layer  is  0  2!^  mm,  in  depth,  sinking  rapitUy  to  0*099 
mm,,  and  decreasing  so  much  anteriorly  that  close  to  the  ora  sermta  it  is 
only  0  0020  mm. 

The  occurrence  of  dark- bordered  medulla  ted  fibres  in  soma  retiii£0  w 
femarkable.  Thus,  in  the  eyes  of  certain  of  the  roden tia  they  exist 
normally,  a^  in  the  rabbit  and  hare,  where  they  present  themselves  in  the 
form  of  two  bands  of  white  fibres  streaming  into  the  retina.  The  same 
mediillated  retinal  fibres  have  not  unfrequently  also  been  observed  in  the 
eye  of  the  dog,  and  in  a  few  ease»  in  that  of  the  ox  {H,  Midler)  and  man 
(  Virchow). 

The  expansion  of  the  optic  fibres  takes  place  between  the  extremities 
of  the  fibres  of  MüUet\  as  they  are  about  to  he  inserted  into  the  mem^ 
brana  limiians  iniefyia.  These  fibres,  as  wo  have  already  remarked  in 
»peaking  of  the  stratum  cellulosnni,  are  at  the  fundus  of  the  eye  narrow ' 
and  fine,  as  they  He  between  the  massive  bundles  of  fibres  situated  here, 
hut  become  more  and  more  bulky  anteriorly,  thus  affording  extra  support 
with  their  broad  expanded  bases  to  the  nerve  fibres,  where  the  latter  de- 
crease in  number,  and  seem  specially  to  require  it. 

(9.)  The  memhrana  Umitatw  interna  has  been  already  described  aboT©. 

§aia 

There  now  r^mains  for  our  consideration  the  special  structure  of  two 
spots  in  particular  in  this  complicated  structure,  the  retina;  these  are  the 
macula  lutea  and  ciliary  or  anterior  border. 
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The  ydlowspoi,  or  macula  Mea  (fig.  59T),  from  tlid  fact  of  lU  being 
thö  most  seixgitive  portion  of  the  retina,  and  also  from  its  pecuJiar  texture, 
I  |>osae«8es  for  the  histobgist  the  highest  interest. 


fig.  I$r,— IHaanin]  of  th»  micmlii  Itttt^K  «id  fbreii  centnlli  of  th«  hnmasi  retlni.  In  reAl«Al  «MtlAti 
{wSUT  Sf^^iU$y.  ti,  pli^t^-nury ;  &,  columaari  krvd  <,  eit«i-nia  gmnylir  Uyer;  4.  InfchcH'  Atrrcrut 
tM>rtlnn  r^[  latter  i  /  iTiEümie)  granulAr  layer;  ^»  molecuii^r  «tratumi  A«  «tratam  ttllulocum ;  i»  Ifcjrer 
rifoiAlc  ftlrnat 

If  we  examine  the  different  layers  of  this  locality  (in  which  the  euötcn- 
tacnlar  matter  ia  in  general  hut  ill  developed),  in  order  from  witUin  out- 
waKli»  we  remark  that  the  layer  of  the  optic  fibres  (i")  disappears  very 
early r  ^o  that  even  at  a  considerable  distance  fn^m  the  fovea  centralis  the 
Btr:itum  of  the  ganglion  corpuscles  is  in  contact  (its  six  or  seren  Layt^rs  of 
eella  (7<)  acconimodated  to  one  another  like  epithelium)  with  the  mem 
brana  limitana  interna.  The  latter  stratum^  also^  \a  much  thinned,  aa  it 
I  pass^a  into  tha  fovea  eeiitmlis,  &>  that  only  about  three  rowd  of  celb  {h) 
are  to  be  seen  at  the  border  {IL  MüHer).  These,  moreover,  are  for  the 
moat  j*art  bipolar  over  the  macula  lutea  {Aferkel^  Schultz*!).  Tlie  central 
portion  of  the  fovea  is  destitute  of  guiighon  cells  according  tti  JSchuIiztx 
(and  before  him  Bergmann).  The  molecular  layer  (g)  diniiniishes  like- 
wise considerably  in  depth  here,  end  in  the  very  centre  possibly  disap- 
pears,    This  is  certainly  the  case  with  the  internal  granular  layer  (/), 

The  remarkable  change  in  the  proportioa  exit^ting  hetweeii  the  rods 
and  cones  as  we  approach  the  macula  lutea,  and  in  the  latter  itself,  baa 
been  already  alluded  to  (§  31fi),  In  %.  597»  b,  we  see  that  here  the  rods 
fall  in  number  more  and  more,  until  eventually,  in  the  yellow  epot,  coaes 
alone  are  to  be  Ibund  {IleJiic)^  which  increase  regularly  in  length  towards 
the  centre  of  the  fovea,  np  to  upwards  of  0' 100  mm.,  diminishing  at  the 
aame  time  in  thickness* 

We  must  now  deal  with  these  facts,  however»  somewhat  more  in  detaiL 

Jn  man  the  bodies  of  the  con  es »  in  njost  parte  of  the  retina,  preMint  a 
diameter  of  0*007-0  QOti  mm.,  falling,  liowever,  at  the  edge  of  the  macula 
lutea  to  0  "005-0  "004  mm*  More  towards  the  centre  of  the  latter,  where 
rods  no  longer  exiat  (tig.  508,  a,  ft),  they  become  still  narrower,  and  in 
the  fovea  centralis  their  diameter  is  only  0  002-0  0025  mm.,  probably 
only  0Ü028-0'0033  mm.  when  quite  fresh  {Hdmltze,  with//.  Mulkr  anil 
Wdcker),     Here,  then,  we  have  oones  almost  of  the  sani©  thickness  as 
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the  roda  The  cone  stylerf  sink  at  the  same  time,  perhaps,  to  0*0009  and 
0*001  mm.  in  diameter,  while  the  cone  fibres,  on  the  other  hand,  pre- 
serve their  original  thickness. 

Over  the  fovea  centralis  the  pigment  cells  are  higher  and  darker,  and 
enclose  the  cone  styles  in  long  pigmentary  sheaths. 

Another  point  deserves  notice  here,  namely,  that  as  we  approach  the 
yellow  spot  the  retina  increases  in  thickness,  the  distance  between  mem- 

brana  limitans  externa  and  internal 
gi-anolar  layer  becoming  greater.  And 
while  the  thicker  cones  increase,  the 
slender  rods  diminish  in  number,  giv- 
ing rise  to  a  change  also  in  the  external 
granular  layer.  In  the  first  place, 
there  are  absolutely  fewer  corpuscles 
necessary  here,  while,  on  the  other 
hand,  owing  to  the  large  number  of 
cones,  the  corpuscles  of  the  latter  no 
longer  find  room  in  one  plain  to  lie 
side  by  side.  Thus,  the  rod  and  cone 
fibres  present  themselves  as  a  purely 
fibrillated  stratum  beneath  the  granules, 
the  latter  no  longer  lying  upon  the 
intergranular  layer  as  in  other  parts  of 
the  retina.  In  this  deeper  portion  of 
the  layer  in  question,  which  is  destitute 
of  granules,  and  which  has  received 
from  Henle  the  name  of  external  fibre 
layer,  the  bacillary  and  cone  fibres 
commence  to  abandon  their  perpendi- 
cular arrangement  more  and  more  as 
we  approach  the  inner  part  of  the  fovea 
centralis.  Here  they  may  be  observed 
to  run  obliquely  downwards  and  out- 
wards (Bergmann,  H.  Müller),  and  in 
the  centre  of  the  fovea  almost  hori- 
zontally (fig.  597,  d),  so  that  it  is  only 
after  a  long  course  that  the  cone  fibre 
reaches  at  last  the  intergranular  layer. 
At  the  same  time  the  fibrillated  half 
of  the  external  granular  layer  increases 
in  thickness  about  the  periphery  of  the  yellow  spot,  but  becomes  rapidly 
thinner  in  centre  of  the  fovea  itself  {Schulize), 

According  to  the  latter's  observations,  farther,  it  is  not  only  the  internal 
surface  of  the  fovea  turned  towards  the  vitreous  humour  that  is  concave, 
but  also  the  opposite  side  facing  the  membrana  limitans  externa.  Owing  to 
this  the  choroidal  ends  of  the  fovea  cones  are  inclined  towards  each  other, 
and  consequently  more  approximated  than  would  be  possible  were  they 
still  arranged  perpendicularly, — a  circumstance  which  bears  upon  the 
delicate  sensitiveness  of  this  region.  The  adjacent  portion  of  the  retina 
also  takes  part  in  this  peculiar  curvilinear  arrangement  of  the  light- 
perceiving  elements. 

Let  US  now  turn  to  the  ciliary  edge  of  Uie  retina. 

Anteriorly  towards  the  ora  serrata  the  thickness  of  the  latter  decreases 


Flpf.  WS- — Cones  from  the  human  macnia 
lutea  and  fovea  centralis,  a,  with  half 
decomposed  extenml  member;  b,  with 
resolution  of  the  latter  into  disks  (after 
Schultie). 
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more  and  more,  its  nervous  constituents  commence  to  disappear,  while 
the  sustentacular  matter  gains  the  preponderance.  The  optic  fibres  cease 
gradually  to  constitute  a  separate  layer,  the  ganglion  cells  appear  at  wider 
intervals,  the  granular  layers  become  shallower,  and  the  rods  and  cones 
shorter  &c.  (Midler,  Merkel,  Schnitze),  Finally,  the  nervous  elements 
disappear  entirely  from  the  membrane,  leaving  behind  reticula  of  con- 
nective-tissue fibres,  which  give  way  in  their  turn  to  a  nucleated  and 
eventually  non-nucleated  homogeneous  substance.  This  becomes,  then, 
still  thinner,  until,  about  2  mm.  from  the  ora  serrata,  the  retina  terminates 
by  fusing  with  the  membrana  hyaloidea.  This  is  the  relation  of  parts  as 
described  by  Ritter,  while  other  observers  seem  to  have  come  to  diflferent 
conclusions  on  the  point.  Thus  Koelliket'  states  that  the  membrana  limi- 
tans  extends  in  the  form  of  a  system  of  cylindrical  cells  decreasing  in  height, 
over  the  ciliary  processes  (intimately  united  to  them  and  to  the  zonula 
Zinnii)  as  far  as  the  external  border  of  the  iris.  Brücke  and  H.  Müller, 
on  the  other  hand,  suppose  them  to  reach  as  far  as  the  edge  of  the  pupiL 

Sehtdtze  found  several  forms  of  these  cells,  but  did  not  observe  any 
transition  into  the  fibrous  matter  of  the  zontUa  Zinnii  (§  313).  He 
regards  the  cells  as  corresponding  to  the  radiating  sustentacular  fibres. 

The  blood-vessels  of  the  retina  (fig.  584)  are  derived  from  the  arteria 
and  vena  centralis,  enclosed  within  the  optic  nerve.  They  thus  consti- 
tute a  separate  vascular  system  of  the  bulb,  which  forms,  however,  con- 
nections in  the  manner  described  in  §  312  with  the  vessels  of  the  ciliary 
system  (c).  From  the  splitting 
up  of  the  artery  just  mentioned 
is  formed  a  delicate  wide- 
meshed  network  of  capillaries 
0-0056-00045  mm.  in  dia- 
meter (fig.  599,  h).  This  vas- 
cular plexus  lies  chiefly  in  the 
internal  portion  of  the  retina, 
but  extends,  however,  as  far  as 
the  internal  granular  layer.  It 
was  formerly  supposed  by  many 
that  at  the  ora  serrata  this 
letinal  system  of  vessels  com- 
municate with  that  of  the 
choroid ;  but  this  is  not  really 
the  case  (//.  Midler,  Leber). 
In  the  yellow  spot  numerous 
capillaries  are  to  be  seen,  but 
no  vessels  of  any  size. 

The  optic  nerve  itself  only  re- 
ceives small  twigs  from  the  aH, 
cent,,  but,  on  the  other  hand, 
numerous  branches  from  the  in- 
ternal sheath  (fig.  584, 1),  and 
a  few  from  the  external  sheath. 

A  highly  developed  network  of  this  kind  does  not,  however,  occur 
in  the  retina  of  all  mammalia.  In  the  horse,  for  instance,  we  only  find 
a  narrow  belt  of  delicate  radiating  vessels  around  the  entrance  of  the 
optic  nerve.  The  retina  of  the  hare  and  rabbit,  also,  only  presents  a 
narrow  vascular  zone  corresponding,  as  a  rule,  with  that  of  the  medullated 


Fig.  599.~Vet8el8  of  the  haman  retina,    a,  arterial;  e, 
Tenoiu  twig;  6,  capillary  networic. 
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nerve  fibres.  At  the  edge  of  this  zone  the  most  exqnisite  recurrent 
capillary  loops  may  be  seen.  In  birds,  amphibia,  and  fishes  the  retina 
is  even  entirely  devoid  of  vessels,  but  the  membrana  hyaloidea  is  fed  by 
a  network  which  probably  also  supplies  the  retina  (fft/ril,  H,  MiULer). 

The  question  now  arises  at  the  conclusion  of  this  long  description  of 
the  retina,  Whxd  is  the  arrangement  and  connection  of  its  nercoue 
elements  f  and  here  we  have  only  hypotheses  to  offer.  That  the  rods  and 
cones  may  be  regarded  as  the  terminal  perceptive  elements  of  the  mem- 
brane is  to  our  mind  a  point  upon  which  there  can  be  now  but  very  little 
doubt  Bacillary  cells,  besides,  we  know  have  recently  been  recc^gmsed 
as  the  terminal  structures  of  other  nerves  of  special  sense.  Another  ques- 
tion arises  here  also  from  which  we  cannot  refrain,  although  a  physio- 
logical one,  namely,  What  are  the  relative  purposes  of  the  rods  and  cones  t 

We  have  learned  from  the  foregoing  description,  that  the  point  at 
which  the  power  of  perceptioo  is  most  intense,  the  fovea  centralis,  pre- 
sents only  cones  in  the  human  eye.  Mammals  of  more  nocturnal  habits 
(§316)  have,  on  the  other  hand,  rods  alone  throughout  the  whole  retina. 
It  is  to  be  remembered,  also,  that  towards  the  external  border  of  the  retina 
the  nervous  fibrous  mass  undergoes  considerable  and  progressive  diminu- 
tion. 

The  probability  has  been  pointed  out  by  Schtdize,  that  the  latter 
structures  are  endowed  with  the  powers  of  perceiving  quantitative  differ- 
ences in  light  and  in  distance,  while  the  cones,  besides  possessing  both 
these,  are  sensible  to  colours  also,  that  is,  to  qualitative  differences  in 
light.  The  fibres,  then,  of  both  these  retinal  structures,  which  traverse 
the  external  granular  layer,  may  be  regarded  as  nervous  elements  together 
with  the  corpuscles.  The  efforts,  however,  of  earlier  investigators  to 
follow  up  these  nervous  fibres  in  a  direct  perpendicular  course  through 
the  internal  layers,  down  to  the  stratum  of  the  ganglion  cells,  are  to  be 
looked  upon  as  fruitless.  Since  the  provisional  ending  of  both  rod  and 
cone  fibres  in  the  inter-granular  layer,  consequently  in  the  very  middle 
of  the  retina,  has  been  pointed  out  by  SchultzSj  and  also  the  apparent 
origin  of  another  set  of  tlie  finest  fibrillae  pursuing  an  altered  course 
inwards,  it  seems  vain  to  hope  to  demonstrate,  with  our  present  modes 
of  investigation,  and  through  such  a  complicated  system  of  fibres,  the 
connection  between  the  cones  and  ganglion  cells  and  optic  fibres.  In 
this  respect  the  grey  matter  of  the  nervous  centres  and  retina  resemble 
each  other. 

There  has  been  no  lack,  however,  of  other  views  regarding  the  retina 
in  recent  times. 

Thus  Ilenle  contrasts  the  external  half  of  the  membrane,  as  far  as  the 
inter-granular  layer,  under  the  name  of  "mosaic  stratum"  (musivische 
Schicht),  with  the  internal  half  or  "  true  nervous  layer."  We  fail  to  per- 
ceive any  great  advantage  in  this. 

An  effort  has  recently  been  made  also  by  Krause  to  prove  that  the 
retina,  down  to  the  inter-granular  layer,  his  membrana  fenestrata,  is  by 
no  means  of  nervous  nature.  Apart  from  anatomical  considerations,  he 
bases  his  views  upon  the  fact,  that  some  weeks  after  section  of  the  optic 
nerve,  the  neiTe  fibres  and  ganglion  cells  of  the  retina  may  be  observed 
to  have  undergone  fatty  degeneration,  but  the  whole  rod  and  cone  apparatus 
to  remain  unaltered. 

As  to  the  composition  of  the  retina  we  know  but  little.  Some  investi- 
gations by  C.  Schmidt  have  brought  into  notice  a  substance  contained  in 
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it,  giving  the  reactions  neither  entirely  of  albumen  nor  of  glutinous  bodies, 
but  exhibiting  properties  to  some  degree  intermediate  between  the  two. 

§  319. 

Before  passing  on  from  the  globe  of  the  eye,  we  must  bestow  a  few 
words  upon  its  lymphatic  vessels. 

From  Schwalbe^ s  investigations  it  would  appear  that  the  lymph  formed 
in  the  ball  of  the  eye  is  carried  off  in  three  directions.  That  produced  in 
the  iris  and  ciliary  processes  is  collected,  in  the  first  place,  in  the  anterior 
chamber.  This  with  the  absorbents  of  the  conjunctiva  and  corneal 
tissue  may  bo  said  to  belong  to  the  first  part,  or  anterior  lymplmtic  circula- 
tum  of  the  eye. 

All  the  lymphatic  spaces  situated  behind  the  ciliary  processes  empty 
their  contents  in  two  other  directions.  'J'hose  of  the  sclerotic  and  choroid 
open  near  the  points  of  exit  of  the  venae  vorticosae,  while  the  absorbents 
of  the  retina,  on  the  other  hand,  are  independent  of  these,  and  leave  the 
globe  of  the  eye  through  the  optic  nerve.  Here,  then,  we  have  what  we 
may  call  a  posterior  lymphatic  circulation. 

Let  us  consider  this  posterior  lymphatic  circulation  first  (fig.  600). 
Both  the  sclerotic  and  choroid  seem  destitute  of  special  lymphatic  vessels. 
Instead  of  these  the  shell-like  interspace  between  the  two  coats  appears 
to  possess  the  nature  of  a  lymph  receptacle.  This  occupies  the  position  of 
the  supra-choroidea,  as  is  well  known  (§  310).  To  this  receptacle,  which 
is  crossed  by  connective-tissue  net- 
works, the  name  of  ^^pericho- 
roidal space  '*  (p)  has  been  given  by 
Schwalbe,  who  describes  it  as  lined 
by  endothelium.  From  this  (at 
about  the  height  of  m.r,  in  our 
figure)  that  communication  with 
"  Tenon's  space "  {t)  takes  place 
which  has  been  already  alluded  to. 
The  latter  lies  between  Tenon's 
sheath  and  the  extemalsurfaceof  the 
sclerotic.  The  oblique  intercom- 
municating canals  invest,  as  a  rule, 
the  vensB  vorticosae  like  sheaths. 
This  lymphatic  space  of  Tenon  is 
continuous  behind  with  the  "supra- 
vaginal" {^v)  of  Schwalbe,  which 
latter  invests  the  external  optic 
nerve  sheath  "  like  a  sheath."  In 
it,  also,  there  is  apparently  a  lin- 
ing of  endothelial  cells. 

By  Key  and  Retzius  it  was  found  'b^w".  ijuyer  of  fat;  r,  exteroal  »heath  of  optic 

(8    300),    that    from    the    subdural  nerve;  «,  "TVnoi.'*"  apace  opening  behind  into 

Vxi-  4.1,^-«^«««  the    "«iipro«v»»a/,"   tp^;    »6»,    "«ubTaginal 

space  of  the  cranium  another  space  #»    -v     ,     #- 

between  the  external  and  internal 
sheath  of  the  optic  nerve  may  be 
injected,  and  that  from  this  the 
perichoroidal  interval  may  be  filled,  which  would  seem  to  show  that  the 
latter  is  a  prolongation  of  the  first.  *  Between  the  internal  sheath  and 
the  connective-tissue  immediately  investing  the  optic  nerve  fibres,  injection 
42 


-'M.Ty/rt 


mrr/r* 


Fiff.  000.— I'OBterior  lymphatic  drcolation  in  the 
eye  of  a  pig  (diagram  after  SchiflU).  «,  con- 
junctlra;  m.r.  recti  mnseles;  m.  rttr.  retractor 


the    "«uprawH^'no/,"    ipt;         . 

space  between  the  internal  and  external  opUc 

nerve  sheath;  p,  " perichoroidal **  spao 

municattng  bj  oblique  passages  with 
space. 
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fluid  may  also  be  driven,  and  moreover  from  the  subarachnoidal  space  of 
the  brain.  ScJtwalbe,  however,  states  that  his  "  subvaginal "  space  (shv) 
between  the  internal  and  external  optic  sheath  does  not  commonicat« 
with  the  perichoroidal  interval 

The  lymphatics  of  the  retina  are  said  to  invest  the  capillaries  and  veins 
like  sheaths  in  the  adventitial  layers,  but  to  pass  along  side  by  side  with 
the  arteries.  They  enter  the  optic  nerve,  as  already  stated  above.  We 
are  still  in  want  of  details  here. 

Turning  now  to  the  anterior  lympJwtic  drcvlation,  we  have  already 
remarked  that  the  anterior  chamber  is  regarded  as  a  reservoir  for  the 
lymph  produced  in  the  iris  and  ciliary  processes. 

In  the  first  place,  according  to  Schwalbe,  the  lymphatic  fluid  passes  by 
a  series  of  slits  out  of  the  canal  of  Petit  into  the  posterior,  and  from 
thence  into  the  anterior  chamber. 

But  the  supply  flowing  from  Fontana! 8  space,  through  the  system  of 
slits  in  the  ligamentum  iridis,  is  of  more  importance  stilL  This  space 
receives  the  lymph  of  the  ciliary  processes  and  iris  apparently. 

At  the  border  of  the  membrane  of  Descemet  the  opening  into  the 
circular  canal  of  Schlemm  takes  place,  according  to  Schwalbe,  This  may 
be  filled  with  even  very  slight  pressure,  and,  whether  we  deny  it  the 
nature  of  a  venous  vessel  or  not,  certainly  does  communicate  with  the 
venous  system. 

This  reminds  us  of  a  similar  arrangement  of  parts  described  in  the 
brain  by  Key  and  Retzius. 

§320. 

Turning  now  to  the  accessory  structures  of  the  eye,  we  may  pass  over 
the  four  recti  and  two  oblique  muscles  as  requiring  no  farther  description. 

Many  years  ago  an  analogue  to  the  orbital  muscle  of  many  mammals 
was  discovered  by  Midler  in  man.  This  is  a  greyish-red  mass,  closing 
up  the  fissura  orbitalis  inferior,  consisting  of  bundles  of  unstriped  muscle 
fibres,  most  of  which  possess  elastic  tendons.  It  is  supplied  by  pale,  non- 
medullated  nervous  filaments  from  the  sphenopalatine  ganglion. 

The  eyelids,  palpebrce  are  formed  of  the  tarsal  cartilages  (§  109), 
enclosed  in  a  thin  skin  quite  devoid  of  fat  Imbedded  in  this  cartilage 
a  series  of  peculiar  modified  sebaceous  glands  is  to  be  found,  known  as  the 
Meibomian  glands.  In  man  from  30  to  40  of  these  may  be  counted  in  the 
upper  lid,  and  20  or  less  in  the  lower.  In  form  they  are  tubes  about 
0'1128  mm.  in  diameter,  with  round  vesicles  attached  along  the  sides. 
They  are  somewhat  less  in  length  than  the  tarsal  cartilages  are  in  height, 
and  open  with  contracted  mouths  on  the  posterior  edge  of  the  free  border 
of  the  lid.  The  vesicles  of  these  glands  are  enveloped  in  a  beautiful  net- 
work of  medium-sized  capillaries.  Their  contents,  with  the  exception  of 
a  laminated  lining  of  flattened  ceUs  in  the  excretory  duct,  is  the  same  as 
that  of  the  sebaceous  glands  of  the  skin  (§  304). 

The  secretion  of  the  Meibomian  glands  is  a  thick,  whitish-yellow  matter 
containing  much  fat,  and  hardening  on  exposure  to  the  air.  It  is  known 
as  the  sebum  j^alpebrale,  and  serves  to  keep  the  free  border  of  the  lid  in  a 
greasy  condition. 

The  orbicularis  palpebrarum  muscle  belongs  to  the  striped  class. 
Associated  with  it,  however,  are  membranous  layers  of  smooth  fibres, 
forming  reticulated  fasciculi  {H,  Müller),  and  constituting  a  tn.  palpe* 
bralii  sup»  and  inf. 
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The  posterior  surface  of  the  eyelids,  and  anterior  portion  of  the  sclerotic, 
"with  the  cornea,  are  covered  by  a  thin,  soft,  mucous  membrane,  known  as 
the  conjunctiva.  This  is  generally  divided  into  the  c.  palpebrarum ,  the  c. 
bulhi^  or  that  passing  from  the  latter  to  the  ball  of  the  eye ;  and  the 
inferior  part,  the  c  sclei'oticce  and  conieoi.  The  latter  portion,  however, 
deserves  no  longer  the  name  of  mucous  membrane,  from  the  fact  of  its 
being  represented  merely  by  a  laminated  flattened  epithelial  covering. 

The  substratum  of  the  palpebral  conjunctiva  is  formed  of  reticulated  con- 
nective-tissue containing  lymphoid  cells  (Ilenle).  This  Stieda  asserts  to 
be  separated  from  the  epithelial  layer  by  a  homogeneous  elastic  membrane. 
The  epithelium  in  the  cleft  between  the  lids,  derived  from  the  cuticular 
layer  of  the  skin,  was  formerly  erroneously  supposed  to  be  ciliated  (Henle), 
It  consists,  on  the  contrary,  of  several  layers  of  pavement  cells. 

Numerous  depressions,  pits,  and  clefts,  of  the  most  diverse  forms,  which 
occur  in  this  mucosa,  are,  strange  to  say,  lined  by  a  kind  of  columnar 
epithelium,  producing  the  deceptive  appearance  of  true  glands ;  indeed,  such 
were  described  here  by  Henle,  Among  the  ordinary  epithelial  elements 
of  the  part  there  occur  also,  in  the  conjunctiva  palpebrariftn,  those  struc- 
tures known  as  beaker  cells  (Stieda).  We  also  meet  here  with  tactile 
corpuscles,  according  to  Krause,  the  terminal  structures  of  the  nerves  of 
sensation  (§  185).  The  conjunctiva  bulbi  is  a  continuation,  not  only  of  the 
epithelial  cellular  layer,  but  also  of  the  subjacent  connective-tissue.  The 
first  extends  over  the  whole  cornea  (§  292),  but  not  so  the  latter,  which 
is  lost  at  the  periphery  of  the  cornea  in  the  tissue  of  the  same,  after  having 
become  very  thin.  The  plica  semilunaris,  finally,  is  a  duplicature  of  the 
conjunctiva  bulbi,  and  contains  in  its  canincula  lachrymal  is  ordinary 
sebaceous  glands.  Scattered  fasciculi  of  unstriped  muscle 
also  occur  here  (H.  Müller). 

The  glands  of.  the  conjunctiva  are  of  various  kinds. 

In  man,  and  in  certain  of  the  mammalia,  in  the  first 
place,  small  racemose  glandules  are  to  be  found,  known 
generally  as  mucous  glandules  ("  accessory  lachrymal 
glands"  of  Henle).  They  are  situated  in  that  portion  of 
the  conjunctiva  passing  from  the  tarsus  to  the  bulb,  and 
are  seen  to  the  number  of  42  in  the  upper,  while  from 
2  to  6  only  occur  in  the  lower  lid.  They  are  irregularly 
scattered,  imbedded  in  the  mucous  membrane  or  sub- 
mucous tissue.  They  are  most  crowded  in  the  transition 
fold.  The  contents  of  their  acini,  which  are  about  00564 
mm.  in  diameter,  present  fatty  particles. 

Among  the  ruminants,  but  not  in  man,  there  occurs, 
as  was  discovered  some  years  ago  by  Meissner,  a  second 
very  interesting  form  of  gland  in  the  conjunctiva  of  the 
eyeball,  and  particularly  in  that  part  encircling  the  cornea 
below  and  internally.  This  belongs  to  the  convo- 
luted tubular  class  (tig.  GOl)  like  the  sweat  glands  of 
the  skin,  but  each  gland  opens  with  a  bulbous  dilata- 
tion. The  number  of  such  convoluted  glandules,  how- 
ever, is  very  small,  only  amounting  in  each  eye  to  from 
6  to  8. 

At  the  outer  border  of  the  cornea  of  the  pig  another 
third  species  of  gland  was  found  by  Mam.    In  this  form  we  have  simple, 
round,  or  oval  sacs,  measuring  0-067-0*2  mm.  in  diameter,  made  up  of 


Flfr.  «01.— A  conTO- 
luted  gland  from 
the  conJnnctiTii 
bulbi  of  the  calf 
(aaer  Mans). 
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conceottie  layerä  of  conmective-tiasue,  ftnd  coutaimng  celLa  and  a  gramikr 
matter.  They  liav«  been  named  by  bbtologi^U,  after  their  dbeoY^ver, 
the  glanda  of  ifan& 

In  addition  \m  tliese  seer^tmg  oi^ans  of  the  coDJunetiva  we  meet  with 
/5  ^.  lymphoid  follicles,   or,  as  Ibey 

hdve  lieeti  named  b^r  Mml§^ 
tradioma  fjhtrtds  { lig,  G02).  Tbtjf 
are  to  be  found  in  tuatif  in  num«- 
roui  Qiammols^  and  in  seirenil 
birda  Tbej  usually  occupT, 
but  not  in  all  animals,  the  inner 
angle  of  Üiq  eye,  esf>ecially  in 
tbe  transition  lold  of  the  tinder 
aiid  third  lidp  or  plica  aemi- 
luuans,  and  are  Bometimea  acit^ 
tered,  sometimes  aggpegited. 
An  enonnoui  collection  of 
tbem,  strongly  resembling  on« 
of  Feye/s  patches»  may  be  ob- 
lerred  in  the  under  eyelid  of  tbe  ox  (plaqm  of  Brudi).  In  the  human 
conjunctiva  they  ffire  only  met  witb  irreguhirly  and  sparstly  scalbered. 

,  The  atme  tu  re  of  these  budies  ia  Ibat  of 

other  lymphoid  follicles  {Frtftf^  Httffm- 
tttn).  Their  vascukr  network  i»  thin  and 
irregular  <§  227),  Afonnd  them,  even  with- 
out ii\]ection,  lymphoid  Iscnnse  may  bi!_ 
recognised. 

As  regards  the  hloQd-mmeU  of  the 
junctiva  bulbi,  we  find  its  capillary  mpply 
derived  from  bmncbea  of  tte  palpebral  and 
lachrymal  atteries,  as  well  as  twigs  giren 
off  from  the  anterior  ciliary  vasBeU  (comp, 
§  312).  The  capillary  system  of  the  pal- 
pebral conjunctiva  is  much  more  denJNi 
and  more  extensive^ 

The  lymphatics  of  tbe  conjuncth'a  w^n 
discovered  many  years  ago  by  Arnold^  and 
have  been  since  oliserved  by  Tckhmantu 
A  delicate  zone  of  the  same,  about  Q'9 
mm.  broad,  encircles  the  cornea,  and  is  con- 
tinuous peripherally  with  the  network  of 
wider  canals  of  the  sclerotic  conjunctiva. 

The  ttachoma  glands  are  likewise  rich  in 
lymphatic  vesselsj  aa  may  be  learned  from 
injection  (Freif). 

In  Bf*mhU  phu^ne  In  tbe  ox  (fig.  002) 
knotted  lymphatics  of  considerable  aize, 
ranging  from  0*377  to  01511  mni.,  may 
be  observed  traversing  the  Buboniccea 
obliquely  or  perpendicularly  (a)*  These  form,  at  the  under  aurfoae  of 
the  foUidej  a  very  complicated  network  of  canals  00744-011 28  mm. 
in  bread thp  and  give  off  other  finer  vessels,  0*02  mnt,  wbicb  are  abio 
arranged  in  a  retiform  manner^  ascending  through  the  narrow-n 
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connecting  layer  of  the  follicle,  and  forming,  on  their  part,  a  net-like 
covering  (c)  around  the  same  (b).  The  most  superficial  part  of  this 
network,  namely,  that  underlying  the  epithelial  layer,  runs  more  or  less 
horizontally  beneath  the  latter,  giving  off  numerous  fine  terminal  twigs  of 
0*0282-0*0113  mm.  in  diameter,  which  ascend  still  farther  for  a  short 
distance,  and  then  end  blind  under  the  epithelial  covering. 

The  nerves  of  the  conjunctiva  (fig.  603,  c)  terminate,  in  the  first  place 
(as  has  been  shown  by  Krause),  in  man  and  other  mammalia  in  those 
end-bulbs  (a),  already  described  (§  184).  Again,  as  we  have  learned  from 
Ck>htiheim*s  and  Hoyer^s  interesting  discovery,  the  corneal  nerves  extend 
into  the  overlying  epithelium,  or  so-called  conjunctiva  cornete  (§  309). 
For  the  rest  we  refer  the  reader  to  §  184. 

The  lachrymal  (jlandSy  whose  sp.  gr.,  according  to  Krause  and  Fischer , 
is  1*058,  consist  of  aggregations  of  racemose  glands,  which,  as  far  as  the 
shape  of  both  lobuli  and  vesicles,  and  their  nucleated  cells,  composed  of 
linely  granular  protoplasm,  is  concerned,  present  nothing  peculiar  for 
our  consideration.  Their  excretory  canals,  7  to  10  in  number,  made  up 
of  fibrous  tissue  lined  with  columnar  epithelium,  perforate  the  conjunc- 
tiva. In  the  walls  of  these  we  tneet  again  with  those  flattened  stellate 
cells  already  alluded  to,  §  194  (fig.  329).  The  nerves  of  the  organ  are 
supposed  to  penetrate  through  the  limiting  structures  of  the  acini,  and 
terminate  between  the  gland  cells  in  the  same  manner  as  in  the  sub- 
maxillary gland  (Boll),  The  arrangement  of  the  capillaries  here  is  as 
usual  in  such  structures. 

The  structures  composing  the  apparatus  for  carrying  off  the  tears  are 
not  alike  throughout.  In  the  lachrymal  canals  the  tissue  of  the  mucosa 
IB  rich  in  elastic  fibres,  while  in  the  lachrymal  sac  and  duct  a  reticulated 
connective  substance,  containing  lymphoid  cells,  presents  itself  (Henle). 
From  the  lining  membrane  of  the  nose  small  mucous  glands  extend 
upwards,  and  occur  not  only  in  the  wide  nasal  duct,  but  also  in  the 
mucosa  of  the  canaliculi  (A.  Mater),  In  regard  to  the  species  of  epithe- 
lium lining  the  lachrymal  passages  there  still  exists  much  diversity  of 
opinion.  Non-ciliated  columnar  cells  are  stated  to  occur  throughout 
them  by  Maier.  Hcnle,  on  the  other  hand,  mentions  having  found 
flattened  epithelium  in  the  canaliculi,  ciliated  in  the  lachrymal  sac  and 
nasal  duct,  merging  into  the  flattened  formation  of  the  nose. 

We  turn  now  to  the  tears,  the  secretion  of  the  lachrymal  glands,  which, 
with  a  small  quantity  of  aqueous  humour,  which  exudes  through  the 
cornea,  bathe  the  front  of  the  eye.  This  fluid  has  a  strong  alkaline 
reaction  and  slightly  saltish  taste.  Chemical  analysis,  jnstitutetl  long 
ago  by  FrericJiSy  shows  about  1  per  cent  of  solid  matters  (0*9-1  '3  per  cent.) 
Among  these  albumen  appears  in  combination  with  soda  (the  "  lachry- 
mine"  of  earlier  investigators),  together  with  traces  of  fats,  extractives, 
and  mineral  matters.  Of  the  last  chloride  of  sodium  is  the  most  import- 
ant, phosphates  of  the  alkalies  and  earths  appearing  in  but  small  amount 
Under  ordinary  circumstances  the  tears  are  carried  off'  by  the  canaliculi 
into  the  nose,  but  when  the  secretion  is  too  abundant  it  overflows  the 
lower  lid.  The  psychical  significance  in  the  human  being  of  tears  has 
long  been  recognised. 

§321. 

The  deveJopment  of  the  eye,  to  which  we  will  only  devote  a  few  words 
liere,  takes  place  from  three  different  portions  of  the  rudimentary  embry- 
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onic  botly.  The  first  trace  w  seen  in  the  form  of  a  hollow  ^talked  process 
of  the  anterior  portico  of  the  brain,  the  primartj  optic  ve^ide,  which  w 
de^atirred  in  it*  farther  development  to  transformation  into  the  retina  and 
pirpjientanj  epithelium  of  the  ehofoid,  while  the  pedicle  becomes  the  optic 
nerve.  We  have  already  seen  that  the  lens  springs  from  that  portion  of  thin 
ciimeotis  fjenmnal  layer  which  lies  over  the  rudimentary  eye,  growing  fn* 
wards  in  the  form  of  a  thick- walled  hollow  sphere  (comp.  §  161).  Beaiiies 
the  latter,  and  underneath  it,  there  presses  into  the  primary  optic  veeicle 
the  vitreous  humour»  a  production  of  the  middle  ga^minal  la^jer^  t .e,,  of  the 
dermal  tissue  of  the  head»  These  two  organs  thus  donble  in  the  optic  vesicle 
into  itself,  aft^r  which,  aa  in  the  serous  sacs,  two  lamellae  of  formatiTe 
cells  may  be  dbtinguished,  a  thicker  internal  one,  the  future  retina,  and 
an  external  thin  lay  or  destined  to  form  the  pigmentary  epithelium-  We 
now  have  before  ua  what  ia  known  as  the  sec€mdari^  optic  vesicle.  The 
fihrous  layer  of  the  choroid^  the  ciliary  body  and  muscle^  the  irw,  scl^otie^ 
and  cornea  J  all  spring  from  the  at^jacent  portions  of  the  middle  germinal 
layer  of  the  rudimentary  embryonic  head* 

That  the  whd^  retina^  ivith  llie  exception  of  the  pigmentary  epitheliimi« 
takes  its  rise  from  the  internal  lamella  of  the  secondary  optic  Tesicle^  is  a 
fact  observed  long  ago  by  JRernak  and  KoeUiker^  which  haa  been  con- 
firmed more  recently  by  Btihuchin  and  Schfiltm.  The  first  elementa  to 
be  recognisetli  according  to  Babttchin,  are  the  nidiments  of  the  fibnss  of 
Mill  I  er,  in  the  form  of  fusifonn  cells,  terniinatii^g  at  either  ^nd  ia  the 
limiting  memhranes  {external  and  internal)  which  are  formed  from  them. 
After  the  fibres  of  Müller  the  ganglion  cells  are  next  devt*loped,  and 
then  the  stratum  fibrillosum.  The  molecular  and  inter-gran nhir  kvens,  as 
well  as  that  of  the  rods  and  cones^  appear  almost  simultaneously ;  thö  fir^t- 
mentioned  layer,  however,  precedes  the  others  somewhat  in  fownationt 
and  the  stratum  bacilloaum  brings  np  the  rear.  The  rods,  cones^  and 
cone-bodies  are  produced,  acconling  to  B^ihtichin^  in  tlie  tadpole  aa  pro- 
cesses or  outgrowths  from  cells.  They  thus  constitute  with  their  ciflla 
(**  granules  "  or  **  coqiuscles  ")  an  in.«e]mrable  whtde* 

The  development  of  the  central  portion  of  the  retina,  moreover,  hmtiea 
on  in  ailvanco  ofthat  of  the  periphery  {Bahiiclnji,  Schultz^). 

A  number  of  delicate  homiapheroiJal  growths  were  recognjued  by 
ßchnltzit  in  the  chick  projecting  irom  the  outer  surface  of  the  niembrana 
limitans  externa.  These  are  stated  by  him  to  be  developed  latter  on  iJitö 
rods  and  cones. 

The  outer  halves  or  nj embers  of  the  rods^  winch  also  undoubtedly 
belong  to  the  internal  wall  of  the  secondary  optic  vesicle^  am  forin«d 
much  later  than  the  inner  member?^ 

In  connection  with  the  late  development  of  the  xotls  there  ia  a  poimt  of 
much  interest  mentioned  by  EnhaUze.  Animals  which  are  born  with 
closed  eyes — as,  for  instance,  cat**  and  rabbits — do  not  at  birth  poaseis 
those  retinal  elements,  while  in  man  and  the  rumiuanta  they  m^  already 
fully  developed  when  born. 

The  external  layer  of  the  so-called  secondary  optic  vcaicle  ia  formed  by 
a  single  row  of  perpendicular,  and  originally  elongatedi  but  later  more  or 
less  cuboid  cells,  ivhich  become  eventually  Hattimed,  This  is  gntdually 
transformed  into  pigmentary  epithelium,  aa  has  been  already  remarked^ 
by  the  absorption  of  molecules  of  melanin.  This  lajor  ia  ^cnemllj 
reckoned  among  the  lamina  of  the  choroid,  whereas  it  belongs  in  nsalitj 
to  the  retina. 
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The  histogenic  occurrences  in  connection  with  the  development  of  the 
eooroidf  iriSf  and  sclerotic  require  further  investigation.  The  rudimentary 
ehmea  has  heen  already  alluded  to,  §  133,  and  the  mode  of  origin  of  the 
fihres  of  the  lens  has  heen  dwelt  upon  in  the  section  quoted  ahove. 

The  lachrymal  glands  are  developed  in  the  same  manner  as  most  other 
racemose  secreting  organs ;  their  cellular  constituents  springing  from  the 
corneous  germinal  plate.  '  The  Meibomian  follicles  are  developed  at 
rather  a  late  period. 

§  322. 

We  come  now,  finally,  to  the  consideration  of  the  organs  of  hearing, 
the  last  of  the  apparatuses  of  special  sense  which  shall  occupy  our 
attention. 

On  each  side  of  the  head  we  have  an  internal  ear,  consisting  of  the 
labyrinth^  which  receives  the  impressions  of  sound,  a  midde  ear  for  the 
conducting  of  the  waves  of  sound ;  and  an  external  ear,  separated  from 
the  last  hy  the  tympanum. 

We  will  commence  our  description  with  the  latter. 

The  outer  ear  is  made  up  of  the  pinna  and  external  auditory  meatus. 
The  texture  of  its  cartilage  has  heen  already  described  §  108.  The  exter- 
nal skin,  likewise,  which  is  here  closely  attached  to  the  latter,  and  which 
is  quite  destitute  of  fat,  except  in  the  lobe  of  the  ear,  needs  no  farther 
notice.  In  the  pinna  of  the  ear  we  find  numerous  downy  hairs,  and 
often  considerable  sebaceous  follicles  (§  304),  as  well  as  small  sudoriferous 
glands  (§  302),  especially  on  the  posterior  aspect.  The  peculiarities  of 
the  glanduloB  cerminosse  of  the  outer  passage,  in  which  sebaceous  follicles 
are  aJso  present,  have  been  likewise  dealt  with  in  an  earlipr  portion  of  our 
work  (§  302).  The  muscles  of  the  pinna  belong  to  the  striped  class 
(§  164). 

The  memhrana  iympani  consists  of  a  fibrous  plate  clothed  externally 
by  the  cutis,  and  internally  by  the  mucous  membrane  of  the  middle  ear. 
Through  the  so-called  annulus  cartilagineus  it  is  continuous  with  the  adja- 
cent periosteum.  The  coat  derived  from  the  skin  presents  a  thin  fibrous 
layer,  quite  devoid  of  glands  and  papillae,  which  may  be  found,  however,  in 
its  immediate  neighbourhood.  The  fibrous  plate  consists  of  an  external 
lamina  of  radiating  fibres,  and  an  inner  sheet  of  circular  bundles.  The 
elements  are  those  of  ill-developed  connective- tissue,  exhibiting  flat  anasto- 
mosing bands  with  connective- tissue  corpuscles  (Gerlach),  and  perhaps  also 
a  few  smooth  muscle  fibres  (Prussak).  The  mucous  membrane  of  the  inner 
surface  possesses  likewise  a  very  thin  fibrous  portion,  and  usually  a  covering 
of  simple  flattened  epithelium.  The  latter  extends  also  into  the  several 
depressions  of  the  tympanum,  and  into  the  mastoid  cells.  The  rest  of  the 
cavity  of  the  tympanum  is  lined  with  doubly  laminated  ciliated  epithe- 
lium. The  vascular  neticork  of  this  diaphragm  consists  of  several  portions 
(Gerlach)  of  an  external  web  formed  of  radiating  elongated  meshes  of 
fine  tubes  belonging  to  the  dermal  layer,  an  internal  with  rather  small 
meshes  supplying  the  mucous  membrane,  while  the  middle  fibrous  layer 
of  the  tympanum,  which  was  formerly  said  to  be  devoid  of  vascularity, 
presents  a  third  set  of  vessels  according  to  Kessel,  Lymphatics  are  also 
present  here  in  large  numbers,  and  nerves  likewise,  but  the  mode  of 
termination  of  the  latter  has  not  yet  been  ascertained. 

Tlie  whole  of  the  middle  ear,  with  its  various  parts  and  adjoining  cavi- 
ties, is  lined  bv  the  same  thin,  vascular,  probably  glandless,  mucous  mem- 
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limue.  In  the  Efi^taehum  tul>e  iU  eiliaied  ceUa  are  of  the  columitar  kmd 
interspersed  with  beaker  cells  (Sehfiffze). 

The  vamuhxr  mjsiem  of  the  tympanic  cavity  is  remarkable  for  present- 
ing a  few  very  slightly  ramifying  arterial  feeding  tubea,  forming  but  a 
very  ill  dt?veloped  arterial  capillary  network.  Thö  venous  poriiooi  on 
the  other  htind,  is  highly  developed.  Here  we  meet  with  con&idemble 
v«)iisek  foniiing  slrong  networks.  Tlie  turculation  of  the  cavity  is  clmr* 
»eterised  by  being  very  rapid,  and  6ubje<;t  Ui  small  pressure  (Priissak), 

The  lymphatics  of  tlje  cavity  resembk  those  of  the  tympanum  {Kemd). 

The  nerves  require  closer  atteixtion.  On  the  tympanic  branch  nunie- 
runs  ganglia  have  bee.a  observed,  formed  of  larger  or  smaller  coliectiona 
of  celb,  or  even  of  single  elements  between  the  medullated  fibres  {Kruusf)» 
Numerous  nervoui  networks  are  also  found  here. 

The  smail  bonm  of  the  ear  consist  of  compact  osseous  iubÄtance^  present- 
ing numerous  Haversian  canals  {Rüdirtger^  Bnmner).  Between  the  hammer 
and  ambos  only  is  there  a  joint.  The  first  of  these  is  covered  as  far  as  it 
is  united  to  the  tympanum  (Ae.)  on  its  short  process,  and  the  so-called 
handle  with  a  thin  coat  of  hyaline  cartilage  (Grubery 

The  union  of  the  short  process  of  the  amboa  (which  La  clothed  with 
cartilage)  with  the  side  of  the  cavity  is  effected  by  strong  connective» 
iiaiue,  that  between  ambos  and  stapes  by  a  symphysis  of  hyaline  cartil- 
age, with  a  diaphragm  of  fibrous  tissue  in  the  middle.  The  cartilagiaoaa 
borders  of  the  foot  ot  tfie  stirrup »  and  of  the  fummen  ovale,  are  joined  by 
fltrong  connective-ti^ue  (Brunncr). 

The  muscles  of  the  ossicular  auditus  are  of  the  i^lrlped  kind  {{  1 6^), 

We  conclude  this  section  with  a  glance  at  the  Emiachittn  tube. 

Its  caftüage  h&s  been  already  considered,  §  108p  Its  mucous  membnme 
bears  a  double  layer  of  ciliated  epithelium,  and  contains  rar^emose  mucoisa 
glands,  varying  in  size  and  position,  however,  in  different  localities.  The 
gland  vesicles  are  lined  with  columnar  cells.  The  mucous  tissue  mMky  in 
parts  be  infiltrated  with  lymphoid  Q^l\A{niuUngeT),  A  nervous  plexus  wit!* 
groups  of  ganglion  ceils  is  also  to  be  seen  in  the  EttMachian  tube  {Krau9ey 

§323. 

The  tn&iTia/,  and  proper  organ  of  h^arivt/f  consists  of  the  vt^ibule^ 
ärnmdrcular  canah,  and  cochlea.  The  whole  U  occupied  by  certain  mem* 
bmnous  bags  and  canak,  containing  a  watery  fiuid ;  in  these  the  auditijry 
nerves  terminate,  surroundeti  by  tbo  fluid.  The  distribution  of  these 
nerves  is  twofold, — first,  to  the  ampulla  and  sacculi  of  the  vestibule,  luid 
then  to  the  spiral  plate  of  the  cochlea. 

Both  the  vestibule  and  internal  surface  of  the  semicircular  canals  are  lin^ 
with  periosteum.  The  transparent  serous  fluid  with  ^vhich  they  are  filled 
is  known  as  the  perilymph^  or  aquuia  Cotwilk  Äccor«ling  to  Sdkwalhe^ 
they  may  be  injected  from  the  subarachnoidal  space  of  the  brain  throtigli 
the  ponts  o^uMicim  intertms.  The  periosteum^  with  the  mucous  mem* 
brane  of  the  cavity  of  the  tympanum,  constitute  the  ^lemhr.  tympam 
secumfjirki^  resembling  in  their  structure,  as  a  whole,  the  true  drum  of  tb« 
ear  in  many  respects. 

The  walls  of  the  mr.eulug  hemieUlpfim«  and  rofundui  ami  e.  mnitchr- 
endarü  memlrranaceu  ^vitli  their  amimlla^,  suspended  in  the  perilymph, 
but  always  attached  at  definite  points  to  tlie  periosteum,  conijist  of  an 
external  undeveloped  connective-tissue,  compose<l  of  stellate  corpuscliss, 
and  an  internal  elastic  transparent  layer,  containing  numer^ius  nuclei*     In 
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the  niembianous  semicircular  canals,  "which  lie  excentrically,  that  is, 
attached  to  the  convex  aspect  of  the  long  passages  {Rüdinger)^  this  elastic 
lamina  is  maintained  by  the  same  observer  to  project  in  the  form  of 
numerous  tufts  into  the  lumen.  These,  however,  appear  to  be  in  man 
pathological  products  (Lucae),  Again,  internally  these  present  a  thick 
covering  of  epithelium  (0*0068  mm.  deep),  made  up  of  pavement  colls,  from 
0*0090  to  0*0180  mm.  in  diameter.  From  the  usually  numerous  blood- 
vessels of  these  walls  a  second  watery 
fluid  is  secreted,  known  as  endolymph, 
or  aquula  vitrea  audüivay  which  fills  the  **o^ 

space  contained  within  them.  ^.^         y^ 

The  oiolühes  (fig.  604),  enclosed  with-  A     5^«^^  f^   ^ 

in  a  special  membrane,   present  them-  ^&       ^^        V/?&^ 

selves  in  the  form  of  white  specks  at  O^  '       /s         ^J9 

those  points   where   the    terminal  fila-     ^^^^^fvO       ^^^jl 
ments  of  the  auditory  nerves  are  spread       /^  Ob?^^  ^?  M 

out  in  the  sac  of  the  vestibule.     These       ^    ^^^^Ä  ivV 

are   probably   small  columnar  crystals,  ^&/%ä 

whoso  size  varies  to  a  remarkable  extent,  ^     ^M^^  ^ 

their  diameter  ranging  from  00090  to  jS^ 

0-0020  mm.  and  W    A  few  of  them  Ä%^ 

Are  also  contained  within  the  membran-  Fig.  604.— otoiithea,  consisting  of  carboiuu« 
ous  semicircular  canals.     They  consist  of  ddum  (»rier /i«ar). 

principally  of  carbonate  of  calcium,  but  leave  behind,  according  to  the 
observations  of  many  investigators,  an  organic  substratum,  after  having 
been  treated  with  acids. 

§324. 

There  now  remains  for  our  consideration  the  mode  of  distribution  of  the 
aeusticua  to  the  two  sacs  of  the  vestibule  and  the  membranous  ampuUse. 
The  nerve  fibres  for  the  sacculus  hemiellipticus  and  ampullae  are  derived 
from  the  n.  vestibiUi;  those  for  the  sacculus  rotundus  from  the  so-called 
fi,  sacculans  minora  a  branch  of  the  cochlear  division  of  the  auditory. 
They  enter  the  duplicatures  of  the  walls,  which  are  especially  distinct  and 
prominent  in  the  ampullae,  projecting  into  the  cavity  in  the  form  of  par- 
titions. Here  they  divide  into  branches,  and  run  towards  the  internal 
freo  surface  of  the  walls,  still  ramifying  in  their  course.  All  the 
nerve  fibres  are,  however,  confined  to  this  projection,  known  as  the 
septum  nerveum  ;  none  of  them  extend  into  the  adjacent  parts  of  the 
ampullae. 

It  was  formerly  supposed,  from  the  early  investigations  of  Valentin  and 
Wagner,  that  the  filaments  of  the  auditory  nerve  were  arranged  in  termi- 
nal loops.  The  incorrectness  of  this  view,  however,  is  now  generally 
recognised ;  and  we  know  that  the  ends  of  the  nerves  undergo  still  farther 
subdivision.  It  was  Sditdtze,  however,  who  first  arrived  at  definite  con- 
clusions here  in  regard  to  the  arrangement  of  parts,  which  latter  is  of  the 
highest  interest,  manifesting  as  it  does  such  close  relationship  to  the  mode 
of  termination  of  the  higher  nerves  of  special  sense  (fig.  605).  These 
conclusions  were  not  drawn  from  investigation  of  the  structure  of  the 
human  ear,  but  from  that  of  rays  and  sharks. 

If  the  septum  nerveum  be  very  minutely  examined,  its  projecting 
margin  {crista  acustica  of  Schultze)  presents  on  either  side  a  thick  covering 
of  soft  pultaceous  matter,  resembling,  in  transverse  section,  the  cap  of  a 
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imiahroora.  Undei  the  microscope  we  tn^j  easUj  recogaije  tiio  Inelt^  fhii 
th^a  or^iinary  simple  paTreinent  epithelium  of  the  internal  ear  fass  ^^VW 
way  to  anothi*r  species,  namely,  to  a  deeply  laminated,  whose  uppexmost 
elements  (a),  which  are  cylindrieal  in  shape,  and  dotted  with  yellowidi 
granules,  have  a  strong  ivsemblance  to  the  cells  met  with  in  tha  teg^o 
olfftctoria  (5  307). 

It  is  between  these  cyliridei»  on  the  septum  nerve  am  that  the  fibres  of 
the  auditory  nerve  terminate,  in  a  manner  similar  to  that  of  the  oUaeU^fj 
and  gustatory  nerves» 

The  structure  of  this  portion  of  the  organ  of  hearing  is,  however^  Tery 
complieated,  and  by  no  means  as  yet  fully  undeiiftood. 

The  lint  thing  remarked— in  fishes,  such  as  yoang  tritona  (Schulze) — 
over  the  free  suriface  of  the  whole  yellow  layer,  is  a  multitude  of  extremely 
long  (00 9 02  mm.)  stiif  filameuts»  projecting  beyond  the  surface  (the 
**  auditory  filaments"),  whose  relation,  however,  to  the  cells  below  reqiiire* 
farther  luveötigation.  Deeper  down,  seated  on  the  fibrous  aubatratum^ 
there  appears  another  kind  of  cell  (^/),  supported  upon  an  expanded  bos« 
(beimi  ceil  of  SchuHM),     Finally,  we  meet  with  small  eoiouriesa  cells  in 

great  number,  which  give  off  a  process  at 
either  pole  of  their  rounded  or  fusiform 
bodies  (c) ;  these  are  the  ßbre  cells  of 
Schultze.  The  superior  process  (d)  is  the 
thickefit,  and  of  rod-like  farm,  ending  on 
the  surface  of  the  complex  epithelial 
stratum,  with  truncated  extremity.  The 
inferior  (e)  is  thinner,  and  dips  down  to- 
wards tbe  connective-tissue  srubstratum. 
The  nerve  fibres  (/)  appear  at  fitst  eight 
to  terminate  at  the  hoiäer  of  the  fibrous 
layer,  under  the  epithelial  covering,  but 
only  merge  here  into  pa!e  axi»  cylinders, 
i^hieh  enter  the  latter  (t^),  and  after  split- 
ting up  into  a  large  number  of  hranchas^ 
disappear  eventually  from  view.  It  i»  not 
improbable,  although  not  yet  proven«  that 
these  terminal  fibres  are  continuous  with  the 
inferior  processes  of  the  fibre  ce\ls{Sditäist). 
Schtdtie  maintains,  and  possibly  with 
feet  right,  that  the  divided  non^medollsli 
axis  cylinder  is  prolorigcii  directly  into  ' 
long  hairs  already  mentioned. 
The  same  structural  relations,  with  shorter  hairs,  however,  liÄVe 
ohserved  in  the  otolith  sac  of  üshe^ 

Statements  have  also  been  made  to  the  same  effect  as  regards  othet 
vertebrates ;  but  the  opinions  of  investigatora  still  differ  widely- 

The  two  nervous  projections  of  the  human  ve^stibular  sacculci*^  or 
macuim  ficusficcBj  as  Ilcn^s  calk  them,  are  less  marked  than  the  se/^Ui 
mervea  of  the  ampulla,  but  are  wider,  and  present  a  larger  surface  on  Ihe 
other  hand. 

These  maculae  acusticJE  wore  very  accurately  described  some  years  agiQ 
by  OdsHius.  tn  the  utrieulua  a  complicated  plexus  of  nerves  spreads  out 
towftrde  the  surface  through  the  connective- tissue  substratum^  terminating 
UnaU^in  delicate  axh  cylindefs,  which  penetrate  into  the  epithelial  Uje 


Fig.  80^— Fn»JB  tliB  eriMta  acu^iri^  of 
tha  mmpiillA  of  rnh  clftvattä  (.tft«r 
Ma^ult^}^  a,  cylinder  C'e\Ui  4,  t)««iil 
«fl31ft{  e,  Ifbpa  ixU^  vJtU  an  u|)p<?r  m^l- 
lUt«  proccts  d,  ntiil  lower  nWnttati 
/  nerrft  6hn\  pvting  int«  p^io.  axit 
«jllnden  ai  /. 
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The  arrangement  of  nervous  elements  in  the  aaceulus  rotundus  varies  in 
some  points,  though  in  the  main  the  same. 

In  approaching  tlie  macula,  the  low  cylindrical  elements  covering  the 
ivaUs  of  the  saccule  are  observed  to  give  place  to  long,  columnar,  distinctly 
nucleated  colls,  with  yellowish  contents,  above  whose  free  border  filaments 
are  seen  to  project. 

Minute  examination  reveals  that  of  these  very  decomposable  elements 
there  are  at  least  two  forms,  probably  corresponding  to  the  cylinder  and 
fibre  cells  of  Schultze,  These  were  also  seen  and  sketched  by  Koelliker 
in  the  saccus  homiellipticus  of  the  ox  years  ago.  One  species  present 
long,  narrow  fusiform  bodies  without  nuclei,  but  bearing  on  their  ends  those 
filaments  0*022 1-0*0226  mm.  long,  which,  as  we  have  already  seen,  pro- 
ject beyond  the  surface  of  the  nerve  epithelium.  These  auditory  filaments 
were  discovered  long  ago  by  Schultze  in  mammals,  and  from  Odeniiu  we 
learn  that  they  are  also  to  be  found  in  the  septum  ncrveum  of  the  human 
ampullsB. 

The  connection  of  these  filamentous  bodies  with  the  axis  cylinders, 
which  certainly  penetrate  into  the  epithelium,  requires,  however,  further 
proof  in  our  opinion. 

§325. 

Let  us  turn  now  finally  to  the  consideration  of  the  cochlea  (fig.  606). 

This  spiral  canal,  which  performs  in  the  human  ear  two  and  a  half 
turns,  is  divided  into  two  passages,  which  have  long  been  known  as  the 
scaloBf — the  upper,  named  scala  vestihuli  ( 7),  and  the  lower,  scala  tympani 
{T)y — by  a  spiral  plate,  the  lamina  spiralis  (q-i)»  Besides  these,  it  pre- 
sents also  a  third  and  more  important  intermediate  space,  tlie  canalis  each- 
learis  of  Reissner  (0), 

The  lamina  spiralis  (from  q  to  i)  consists  of  an  internal  bony  and  an 
external  soft  or  membranous  portion.  The  first  of  these,  an  outgrowth  from 
the  modiolus  or  central  pillar,  is  about  half  the  breadth  of  the  whole  leaf. 
It  is  not,  however,  alike  in  all  the  turns,  being  broadest  in  the  first,  and 
becoming  gradually  narrow  as  it  ascends,  until  it  finally  terminates  in  the 
last  half  in  a  hook,  hamulus. 

This  osseous  spiral  plate,  lamina  spiralis  ossea,  presents  two  lamellae  of 
compact  bony  tissue — the  upper  facing  the  scala  vestihuli,  the  lower  the 
scala  tympani,  and  between  these,  porous  tissue,  through  which  run  the 
freely  intercommunicating  passages  for  the  transmission  of  vessels  and 
nerves.  Near  the  junction  with  the  membranous  portion  these  passages 
unite  to  form  a  single  fissure,  bounded  by  the  two  osseous  lamellie,  both  of 
which  terminate  together  here  likewise. 

The  membranous  portion  is  directly  and  horizontally  prolonged  outward 
from  the  bony  partition.  It  is  known  as  the  lamina  spiralis  membranacea, 
or  memhrana  hasilaris.  It  presents  about  the  same  breadth  throughout 
(0*45  mm.),  and  is  attached  to  the  inner  surface  of  the  outer  wall  of  the 
cochlea. 

But  as  wo  first  learned  from  Meissner  and  Koelliker^  there  springs 
further,  within  the  scala  vestihuli,  and  near  the  line  of  junction  of  the 
lamina  ossea  with  the  membranacea  (a),  another  membrane  (i?),  which 
ascending  ohli(iuely  upwards  and  outwards  reaches  the  inner  surface  of 
the  external  wall  of  the  cochlea,  where  it  is  attached.  This  is  known 
as  tlie  membrane  of  Meissner, 

Thus,  a  narrow  passage  is  cut  off  from  the  scala  vestihuli,  lying  external 
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to  it,  sind  holding,  of  course,  a  spiral  direction  likewise*  In  eross-saction 
it  is  almost  triangular.  This  is  the  c^nulis  eoühleari«,  already  mention^ 
aho\^e  {Oy  Its  three  sideä  are  tkiusequetitly  formed,  helow,  by  the  laraina 
Bpirulis  membranacea  (tyinpanio  wall),  ubuvi?»  hy  the  membfAiie  of  J?eis$n^ 
(VL^stihular  wall),  and  externally  by  the  parietes  of  the  cochlea,^  Above,  at 
thö  liaraulus,  the  canalis  eochloaria  ends  in  a  blind  sac  {**  Xtippelblind* 
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Pif.  euÄ^— VcTttcal  ic^tlon  tlironKh  the  fnfce  ni  the  CfwrJ »left  «rd  Adlncenl  pB.rlt  froin  % 
imt%\  c«lf  St  ft»  4iilviintii4!  |>?rt{Ml,  V,  ^nla  ^tiUlmti^  T,  Si.  tymponit  C  cisnut  of  tht 
cochlea  t  H,  rnembrane  of  Utiuner^  iv)tl!i  its  artachm^nt  (a)  to  ^  prQJccLlQii  on  the  wa* 
ttW^'l  MhtHidik  tHk9t<%  {€i;  b,  conrtective-tinnc  layer,  witTi  t,9a*Mfnt9!t  on  the  npdpr 
itlrfuCfi  ü(  the  rrtrmbrana  tmnitirisi  if^  t^vetll  of  the  flnst  i^ow^  d.  ttc/fni  MpiraUä,  wltltl 
thldicned  (ipJthfUain,  which  extemlp  ti^  th«  wt?«*i  ü/O/tti  (/),  »tJU  in  proci-ii^  of  fiimi*- 
iion;  e,  habeuMta  pfrforatfti  Cni^  mtmhrane  0/  Otrti  {t^  na  luticf  Jitid  th timer;  3,  Ita 
tnlddl«!  thickcT  portion  j  S,  its  ejtttrmitl  tnclj;  ff.  xmi:i  pti^ttnai^;  h.  hattnuia  *rt-fa;  t, 
t^itAitfitfln  el  tlie  c.  p^tinata;  f,  t%Unm\  wall  of  IhecochlFn;  k^  habrmv/a  nkat&z  f, 
|rj^w«ti(tfi?i  t^irnte  {t,  tTAFinjuHrifnt  portion  flf  th(^uinc.  coi\iM»ttln|f  H  »Uli  the  ii^>napecii- 
ftAtm)t  m,  slljtht  Htvatlotj;  tt^  ^tiniU^'mont  plate;  0,  j/ria  fmcutaru;  p,  tirriaitcunt  of 
theiüJvi  o*^»ii  p',  tTimf>pB.vent  tiiU-rn\t\  lBy*?T  of  the  latter:  ^^  tauodlex  nt  aifkUarwfrm 
Jtitrtt;  ü«  ;ir)1nt  at  iejxalfiMXUm  of  the  meditHatM  ncrveflbres;  t,  p^iitta  of  the  ojii  qfUm^ 
den  In  the  /hiIp^  pf^arfitu  ;  r,  tfmpmutl pertoitiMm  or  the  jwna  i»sk&, 

»ack")  (Hetmrny  Meichert^  ai»d  Taelow  also  practically,  in  a  veatibulaf  sac 
(**  Vorhofä*  blind  sac "),  although  there  does  exist  a  communifation 
between  it  and  the  saccnlus  rotund  us  (Henmn^  Beicherft  HcTilti}.  This 
is  ft  ihort  and  Ane  tubule,  opening  at  right  angles  into  the  lower  end  of 
the  canalis  cochleariH,  in  the  same  way  as  does  the  oesopba^is  iiito  ttio 
«tomaclK  We  name  this  the  canah's  reunimw.  The  latterj  like  the  two 
blind  aac3,  is  only  lined  with  cubical  epithelial  cells,  and  is  destitute  of 
the  aeons  tic  nerve  fibres  present  elsewhere. 

Both  Bt'üla  tympani  and  scala  vestibuli  are  lined  by  a  fibrous  coat 
The  membrane  of  Heissjier  is  also  formed  of  fibrous  conßeetive-tiemto 
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covered  underneath,  but  not  above,  with  a  aiogU  kyer  of  epithelium. 
The  outer  wall  of  the  canal  is  coclilearis  is  likewise  formed  by  a  coat  of 
periosteum  overlaid  with  similar  celts  (A-'),  I0  it,  also,  may  bt^  recogTii«ed 
a  peculiar  eminence  (n?),  a  layer  of  cartilage  situated  higher  up  (n)^  au4  u 
vascular  streak  (o)< 

The  fioor  of  the  canalis  cochlearit,  t\e.,  the  upper  surface  of  the  kuiina 
spiralis  membmnace«,  exhibits  a  ver^  complex;  structure ;  whihi  the  ui^der 
surface f  df  that  facing  the  seala  tympaDi,  ^nvsputa  nothing  remarkable  for 
OUT  eonaideration,  with  tlie 
tx^ption  of  the  so-called 
tMi*  ^pimU  {h\  enveloped 
in  a  thin  coating  of  conuec- 
tive-tiÄSue- 

The  very  important  struc* 
tut^  to  he  seen  here  were 
IB  part  discovered  by  Cortl, 
who  was  succeeded  by  Rem* 

ner^    ClaUfiiitif,      BöUeher^      ß. ( 

Schuiize,  Deikrgf  KoeUikeTf 
und  Hennen  {without  men- 
tioning many  others),  h") 
whom  the  wonderful  ar- 
range men  t  of  piirtä  was 
fart  i  I  er  and  further  un- 
veiled,  at  the  same  time 
that  ita  complexity  was  i%n- 
dered  so  evident  as  to 
balHe  all  hopes  of  arriv- 
ing at  anything  like  de- 
finite couclusioua  for  the 
present. 

According  to  Coriif  the 
membranous  spiral  plate 
may  be  divided  into  two 
£ones^ — ^au  inteniai  zona 
dmticiilatfj^  and  an  exterrmt 

Tha  Äona  denticulata  has 
b€c}n  again  subdivided  into 
two  pi*rtions,  namtdy^  into 
the  hobtmulu  inta^ia^  ot^ttt' 
e<iia  {f*)j  or  luhUtm  superim 
of  tlnj  auicus  splralig^  and 
into  the  /t.  rxterrtfi,  ».  dm- 
ficulaia  (t%  A)* 

The  iirsjt  of  these  pvuseuta 
itself  m  a  high  eminence, 
the  crista  BpiraUnt  project- 
ing into  the  canalis  coch- 
lear is  with  comb-like  ridges 
and  grooved  external  bor- 
der. The  furrow  is  known  as  the  seinkanalis  or  mdctis  spiralis  (cf/. 
The  whole  structure  results  from  tlj©  peculiar  disposal  of  the  periofteum 


n«.  e^T,— Th»  «fin  of  CbrW  n-otti  tht  An«,  nf i<T  WaM*§w. 
Kcti  ÖD  tti  mialNibir  i*p*ct.  ihfi  puttiIsthiij  of  lUtMmt^r 
*D<]  tht  »"CiU«!  m^wtfrfflfia  itcturM  i'-' ' '••  rfiiv,,*,-i(i. 

plUnr  bcwlf  <if  tilt*  ntm:«  of  C^')';  ^'  ■** 

M,  «^tteroiil  ^- '-'  - n{  th«  m*mi>t-,4f, -,   -,  Ltiii 

i^t  the  §til\<  •\nf(  ^htmigti  tUtHit i}n*tic  if Hhi  ^ 

»MTCfponi!-  ■  ■  tM>iiod*i7  Uiio  of  tht*9*-  l^th  i  ^ 

cxUqtilmr  iiivMi»'!.!  L,  twpoa  t*ia  tflteniaj  r|;.lt1<cUiU  tifrtli; 
d,  vKi  »plrAli;  t,  tnii^tnil  i^Ait  c<l1i;  /,  hFudn  at  tUn  loUr- 
ti&l  pilliini,  or  rtymi  of  Coriii  Jt,  theii  htmti  t>lttet|  ^ 
boumi  «try  line  brtwe*«  ttie  eit*in*l  --^  .  .im.,!  |^ujftn{ 
h.  hcAil«  «r  the  ei^tcj^al  jMaur*  tlili  'hehDii4 

pAi^  of  the  inttrnd  tU»r«*  of  CerU  I"  it  Üi« 

ofiUcml  tjrmiSTtfri« M^etton of  th«  «»tc.u., .  iU'**')*  ^ 

pliftlHniceal  hud-^Utu  of  lh4  esl^iimk  piHitr  or  ilm  flr«( 
phttJitnK :  I,  )n,  fli  ilntv  »ccond,  snd  tlilrd  nfi^»  of  i  h*  irtmiwa 
fyJiewlarM,  wltlithe  Htli»  or  flUitieuii  of  um  fli<  tceond, 
«nd  Uitnl  rov*  of  tamlir  or  tufted  (»II»  e  »  mil!  j»  »r«  th» 
ftecQAd  uid  third  plikJAfigc«  t  n  mppoTil»«  «Wb  (fTüMm)! 

?v  cuncrolKT  network  benrcta  tti«  epitlielltl  nUi  «r  ihs 
riin«wotL  lif  ZhrJffri» 
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of  the  spiral  bony  plate.  Under  the  microscope  it  is  seen  to  be  made 
up  of  simple,  either  homogeneous  or  streaked,  connective-tissue,  with 
imbedded  cells  and  scattered  capillaries.  For  the  rest,  this  eminence 
decreases,  both  in  height  and  breadth,  as  we  ascend  through  the  canal 
of  the  cochlea. 

Upon  the  upper  surface  of  this  peculiar  pectiniform  structure  (fig. 
607,  Ä)  a  number  of  not  less  remarkable  longitudinal  and  bifurcating 
ridges  present  themselves.  These  are  the  teeth  of  the  first  order  of 
Corts  or  acoustic  teeth  of  Huschke. 

In  the  first  turn  of  the  cochlea  their  length  is  0*045 1  mm.,  and  diameter 
O-0090-O'Ol  13  mm.;  these  dimensions  fall,  however,  as  we  ascend.  Inter- 
nally, towards  the  modiolus,  they  become  shorter  and  shorter,  ceasing 
suddenly;  while  externally  they  increase  in  length,  overhanging  with 
their  extremities  the  sulcus  spindis  already  mentioned. 

With  this  last  structure  the  second  division  of  the  zona  denticulata 
commences,  namely,  the  habenula  denticiUata  or  externa,  as  it  is  called. 

It  is  again  subdivided  by  Kodliker  (and,  indeed,  unnecessarily  so)  into 
two  secondary  divisions, — an  internal,  which  he  calls  the  habenula  per- 
foi^ata  (fig.  606,  e)  ;  and  an  external  (A),  the  habentda  tecta.  The  latter 
is  identical  with  the  habenula  arcuata  of  Deiters, 

The  habenula  perforata  constitutes  the  floor  of  the  sulcus  spiralis, 
that  is,  of  its  labium  inferiuSy  and  increases  in  breadth  as  the  summit  of 
the  cochlea  is  approached  throughout  the  turns  of  the  canal,  while  the 
habenula  sulcata  becomes  narrower  at  the  same  time. 

It  consists  of  simple  connective  substance,  and  is  covered  on  its  surface 
facing  the  canal  of  the  cochlea  by  closely  set  row  of  longitudinal  emi- 
nences, 00226-0'01128  mm.  broad  ;  these  are  the  apparent  teeth  of  Corii, 

Between  the  outer  ends  of  these  apparent  teeth,  which  are  completely 
hidden  by  the  teeth  of  the  first  order  in  the  first,  but  only  partially  so  in 
the  subsequent  turns  of  the  cochlea,  small  slits  exist  for  the  passage 
of  the  cochlear  nerves  (fig.  608,  h). 

Here,  then,  we  have  the  boundary  between  the  habenula  perforata  and 
habenula  tecta  or  areuata. 

Its  wall,  or  the  membrana  basilaris  (fig.  608,  a,  b)  (formed  by  a  prolonga- 
tion outwards  of  the  habenula  perforata  and  tympanal  periosteum),  sup- 
ports upon  its  upper  surface  the  organ  of  Cortiy — a  structure  of  the  most 
remarkable  kind,  whose  physiological  significance  is  as  yet  by  no  means 
understood  (figs.  607,  608).  This  is  also  known  as  the  papilla  spiralis, — 
a  name  proposed  by  Huschke,  and  employed  after  him  by  Hensen, 

In  this  extraordinary  organ  may  be  distinguished  two  species  of  form 
elements,  namely,  peculiar  fibres  and  no  l§ss  characteristic  cells. 

The  first  of  these,  the  fibres  or  pillars  of  Corti,  consist  of  two  rows  of 
band  or  pillar-like  elements  standing  upon  the  surface  of  the  membrana 
basilaris,  which  is  somewhat  thinned  here,  and  converging  obliquely 
above,  where  they  meet  with  pointed  extremities.  Collectively  they  pre- 
sent the  appearance  of  a  puffy  elevation,  holding  a  spiral  course  through 
the  coils  of  the  cochlea.  The  whole  being  hollow,  has  not  inaptly  been 
likened  to  a  tunnel. 

Thus,  in  the  organ  of  Corti,  we  have  to  distinguish  between  internal 
(n,  m)  and  external  (o)  pillars.  Both  kinds  of  elements  are  not  present, 
however,  in  the  same  number.  Two  of  the  external  pillars  may  usually 
be  counted  to  three  of  the  internal  (Claudius). 
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The  internal  pillars,  separated  from  one  another  by  narrow  clefts,  all 
spring  up  in  the  same  line,  external  to  the  holes  in  the  habenvia  per- 
foraid.  They  rest  upon  the  nietTihrfttia  basilaria  with  a  slightly  expanded 
base  (n),  which  covers  a  mafig  of  nucleated  protoplasm.  This  is  a  remnant 
of  the  original  fomiativ«  t-el!  of  the  pillar. 

The  upright  portion  of  our  internal  pillar  becomes,  at  first,  somewhat 
narrowed  (down  to  00034-00045  mm.),  but  terminates   above  in  a 
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bulbous  swelling  0*0054  mm.  in  diameter  (m).  Into  a  depression  on  the 
outer  aspect  of  the  latter,  the  upper  end  or  "  head"  of  the  external  pillar 
of  Vorii  (ü)  (0-0070  mm.  across)  fits. 

This  external  piJlar  FpriDf^,  with  a  similar  expansion,  from  the  mem- 
brane xipon  which  it  i-ests,  and  presents  liere  also  the  same  nucleated 
protopkem  a.s  the  internal.  These  protoplasmic  cell-residues  taken  collec- 
tively, are  known  as  the  ^  granular  layer." 
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The  form  of  the  external  pillar  is  allied  to  that  of  the  internal,  although 
by  no  means  quite  the  same.  A  glance  at  fig.  608  will  render  any  further 
description  unnecessary. 

These  remarkable  structures  are  composed  of  a  transparent  homoge- 
neous substance,  offering  but  slight  resistance,  however,  to  the  action  of 
reagents. 

But  the  cellular  elements  of  the  organ  of  Corti  are  no  less  remarkable. 

Commencing  from  within  from  the  sulcus  spiralis^  we  may  observe  that 
the  epithelial  cells  become  higher,  so  that  at  about  the  middle  of  the 
internal  pillars  of  Corti  a  high  ridge  of  epithelium  (17)  is  formed.  Here, 
then,  we  come  upon  a  peculiar  structure,  known  as  the  internal  "  hair  cell" 
or  tufted  cell  of  Deiters,  "We  shall  frequently  have  occasion  again  to  refer 
to  the  cells  in  question,  which,  taken  all  together,  naturally  form  a  spiral 
row.  • 

Now,  just  as  the  internal  hair  cell  lies  in  a  slanting  direction  upon  the 
internal  pillar  covering  it,  so  do  the  external  hair  or  tufted  cells  or  cells  of 
Corti  of  earlier  observers  (p,  g,  r),  of  which  there  are  three  or  four  rows, 
cover  the  external  pillars,  similarly  inclined.  They  are  said,  however, 
by  the  most  recent  observers  {Gottstein  and  Waldeyer)  to  be  double  cells, 
and  the  pillars  of  Corti  are,  probably,  also  developed  from  rJuch  twin 
cells  likewise. 

External  to  the  outer  hair-cell  spiral  we  next  come  upon  columnar 
epithelial  elements,  the  so-called  "  supporting  cells  "  of  Hensen  (fig.  608, 
z;  0O7,  r).  Beyond  this,  the  latter  become  shorter  and  shorter,  until 
they  gradually  merge  into  the  simple  cubical  epithelium  of  the  zona 
pectinata  (fig.  606,  A*). 

Let  us  now  bestow  a  glance  upon  that  wonderful  fenestrated  covering 
meiribraney  known  as  the  lamina  reticularis  of  Kodliker  or  L  velamentosa 
of  Deiters^  essential  to  our  gaining  a  comprehensive  idea  of  the  whole. 

In  fig.  608  the  position  of  this  covering  membrane  is  represented  in 
side  view  from  I  to  l\  but  its  remarkable  structure  can  only  bo  recognised 
from  above,  as  in  fig.  607. 

From  as  far  inwards  as  the  internal  pillars,  the  epithelial  cells  give 
off  a  cuticular  annular  limiting  border  (c).  Above  this,  then,  the  internal 
hair-cells  (e)  reach  the  same  height  as  the  organ  of  Corti. 

Each  internal  pillar  of  the  latter,  then,  is  prolonged  into  a  pretty  broad 
horizontal  plate,  which  rests  upon  the  top  of  an  external  pillar.  In  fig. 
607  these  internal  "head  plates"  are  represented  at/,  i.  Beneath  them 
lie  the  head  plates  of  the  external  pillars,  likewise  horizontal  (607,  I ; 
608,  m).  These  plates  have  a  long  narrow  neck,  and  present  an  oar- 
shaped  figure.  They  constitute  the  first  phalanges  of  the  lamina  reti- 
cularis. In  these  head  plates  the  latter  cuticular  formation  has  its 
commencement. 

A  glance  at  fig.  607  will  convey  a  more  rapid  idea  of  the  annulary  con- 
dition of  this  lamina  reticularis  than  any  description,  however  minute 
(/»:,  m,  o).  With  the  first  phalanx  we  are  already  acquainted.  At  n  and 
Py  the  second  and  third  rows  of  phalanges  are  to  be  seen.  K,  7w,  o,  indi- 
cate the  tufts  of  hairs  of  the  three  spiral  ranks  of  the  so-called  external 
hair  cells.  Finally,  at  E,  descending  again,  we  come  upon  the  external 
epithelial  cells  of  the  mamhrana  basilaris.  But  between  these  also 
further  prolongation  of  this  cuticular  mesh-work  may  be  recognised. 
This  is  the  so-called  *^  terminal  framework"  of  Deiters  (q). 

The  zona  pectinata  (fig.  606,  ^),  i.e.,  the  external  portion  of  the  lam. 
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spiral  memb.  commences  at  the  outer  border  of  the  organ  of  Corti^  and 
remains — one  might  almost  say  happily — free  from  further  accessory 
structures.  Formed  of  the  two  periosteal  laminsB  of  the  memb.  basilaria 
it  presents  a  perfectly  smooth  under  surface  towards  the  scala  tympani, 
while  the  upper  appears  finely  streaked  as  if  fibrillated.  The  outer 
border  of  the  zona  pectinaia  reaches  the  bony  wall  of  the  cochlea  (fig. 
606,  t).  Here  opposite  a  low  bony  ridge  (m),  which  Uuschke  has  named 
the  lamina  spiralis  accessorial  it  unites  with  the  so-called  ligamentum 
Spirale  (/).  The  latter,  a  vascular  mass,  consists  of  an  upper  fibrillated 
portion,  and  an  under  cellular  part  facing  the  scala  tympani  (Hensen). 

§326. 

There  still  remain  for  our  consideration  the  epithel  if  il  lining  of  the 
canalis  cochlese,  and  the  mode  of  terminatupn  of  its  nerves. 

In  the  foetus  this  canal  (fig.  606,  C),  is  originally  lined  throughout 
with  epithelial  cells  (Koelliker),  These  present  themselves  as  a  single 
layer  of  pavement  elements,  except  in  two  localities,  namely  (I),  at  the 
sulcus  spiralis  (d),  and  so-called  habenula  sulcata,  and  (2)  in  the  position 
of  the  organ  of  Corti  (/).  In  the  first  of  these  positions  the  cell-layer  is 
stratified  and  overlaid  with  a  membrane,  the  membrane  of  Corti  (Cm),  At 
the  spot  indicated  by  (b),  the  epithelial  mass  forms  a  ridge  which  sup- 
plies, according  to  Koelliker,  material  for  the  formation  of  the  organ  of 
Corti,  of  the  hair-cells,  and  as  a  cuticular  structure  of  the  lamina  reticu- 
laris also. 

If  the  membrane  of  Corti  be  closely  examined  in,  the  full-grown 
animal,  it  will  be  found  to  present  (in  the  ox,  for  instance)  a  thickness 
of  0  045  mm.,  and  finely  fibrous  appearance.  It  commences  upon  the 
habenula  sulcata  at  about  the  same  spot  as  that  at  which  the  membrane 
of  Beissner,  already  mentioned,  arises.  Its  mode  of  termination  exter- 
nally is  still  a  matter  of  controversy.  According  to  Hensen,  Gottstein, 
and  Waldeyer,  it  reaches  to  the  organ  of  Corti,  terminating  very  much 
thinned  in  the  neighbourhood  of  the  external  hair-cells.  It  rests  immedi- 
ately upon  the  lamina  reticularis. 

The  epitlielium  of  the  fully  developed  canalis  coclilca3  consists,  upon  the 
membrane  of  Meissner  of  a  layer  of  large  flat  pavement  cells.  Smaller 
and  thicker  cells  are  to  be  found  on  the  outer  parts  of  the  canal  and  zona 
pectinata,  as  far  as  the  neighbourhood  of  the  organ  of  Corti,  where  large 
spheroidal,  and  at  last  perpendicularly  elongated  elements  present  them- 
selves the  "  supporting  '*  (Stützzellen)  of  Hensen.  Under  CortCs  mem- 
brane, upon  the  habenula  sulcata,  it  probably  only  occurs,  on  the  other 
hand,  interruptedly,  and  in  the  sulcus  spiralis  Hensen  only  found  a 
sintrle  layer. 

The  cochlea  is  supplied  by  numerous  capillary  neticorks  situated  in  the 
periosteum  and  lamina  spircdis.  Above  the  so-called  ligamentum  Spirale, 
especially,  may  be  seen  a  peculiarly  vascular  streak,  the  stria  vascularis 
of  Corti  (fig.  606,  o).  Within  the  lamina  spiralis  the  bony  tissue  and 
nervous  ramifications  are  traversed  by  a  complex  network,  which  com- 
municates with  a  spiral  vessel  situated  upon  the  under  surface  of  the 
plate,  i.e.,  that  facing  the  scala  tympani. 

As  regards  lymphatic  spaces,  in  the  internal  ear,  we  have  only  to 
remark  that  injections  from  both  subdural  and  subarachnoidal  spaces 
of  the  encephalon  penetrate  into  the  labyrinth  {Key,  Retzins), 

Turning  now  to  the  distribution  of  the  eorJiIear  nerve,  the  first  point  to 
43 
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be  observed  is  that  bundles  of  fibres,  made  up  of  medullated  tubes 
0*0034  mm.  in  thickness,  radiate  from  the  modiolus  into  the  lamina 
spiralis  ossea,  forming  a  dense  plexus  in  its  complicated  passages.  At 
one  particular  spot,  namely,  at  the  point  of  exit  from  the  bony  portion  of 
the  spiral  plate,  there  is  imbedded  (as  was  first  observed  by  Corii)  in  the 
course  of  the  primitive  fibres  a  ganglion  cell  (ganglion  spirale  of  Cortt), 
Preserving  their  plexiform  arrangement,  the  nerve  fibres  still  pursue  a 
course  outwards,  passing  eventually  through  the  apertures  in  the  habe- 
nula,  after  having  dwindled  down  to  non-medullated  axis  cylinders. 
Arrived  now  in  the  canalis  cochlearis  they  present  themselves  as  extremely 
delicate  pale  fibrillar. 

From  this  on  two  different  sets  of  fibres  may  be  distinguished,  namely 
(a),  one  for  the  internal,  and  {h)  one  for  the  external  hair  cells. 

The  axis  cylinders  of  the  internal  set  (0'0015-0'002  mm.  thick)  are 
supposed  to  penetrate  into  the  apices  of  the  internal  hair  cells  (fig.  608). 
The  external,  which  are  much  finer,  to  pass  across  the  *'  tunnel "  of  the 
organ  of  Corti^  about  midway  between  floor  and  roof  (Gottsteinj  Wal- 
deyer)  to  unite  with  the  external  hair  cells  (tr).  These  views  are,  how- 
ever, still  but  very  feebly  supported. 

While  we  leave  the  greater  part  of  the  ilevelopment  of  the  organs  of 
hearing  to  the  special  works  on  embryology,  we  may  here  mention  a  few 
general  facts  on  the  subject  in  conclusion. 

The  labyrinth  makes  its  first  appearance  as  a  vesicular  structure,  known 
as  the  labyrinthine  or  auditory  vesicle^  a  multilaminar  infolding  of  the 
corneous  layer  {Remak),  which  subsequently  receives  from  the  middle 
germinal  plate  a  fibrous,  and  then  over  that  a  cartilaginous  covering  in 
the  form  of  a  capsule. 

The  semicircular  canals  and  the  canalis  coclilearis  are  then  formed 
from  the  auditory  vesicle  as  secondary  outgrowtha 

The  canalis  cochlearis^  at  first  only  a  slight  eminence,  grows  out  into  a 
curving  horn,  which  acquires  in  its  further  development  the  spiral  pas- 
sage {Kodliker).  The  two  scalce,  that  of  the  tympanum  and  that  of  the 
vestibule,  are  tertiary  formations  produced  by  the  liquefaction  of  the  con- 
neotivo-tissuo  adjoining  the  canalis  cochlearis. 
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splenic  artery  and  vein  of,  121 

venous  of,  121 

vena  porta  and  hepatica  of,  121 
corpuscles,  vid.  Cells 
crystals,  117 

development  of,  in  embryo,  129 
gases  of.  118-120 


Blood,  odour  of,  105 

physical  properties  of,  105-106 

plasma  of,  106 

temi)erature,  105 
Blood-vascular  glands,  vid.  CiBC.  AFP. 
Blood-vessels,  vid.  Yesskls 

of  organs,  vid.  same 
Bodies  of  cells,  vid.  Cells 
Bone,  vid.  Oss.  Tiss. 

canaliculi  of,  vid.  \ 

lacun»  of,  vid.     ) 
Bones  of  ear,  vid.  Sens.  App. 
BoNT  Apparatus,  510 

Articulation  (modes  oQ»  570 
diarthrosis,  570 
sutures,  570 
symphyses,  570 
synarthrosis,  570 

Cartilage  of,  570 
ill-developed  osseous   tissue    under- 
neath, 170 

Formation  of,  570 

Half-joints,  570 

Haversian  glands,  571 

Medulla  (conversion  of  cells  of,  into  red 
blood  corpuscles),  573 

Myeloplaxes,  573  and  71 

Nerves  of,  672 

Plicae  vasculos«,  571 

Vessels  of,  671 
Boundary  layer  of  Uenle  in  kidneys,  vid, 

ÜBIN.  App. 
Bowman's  glands  of  olfactory  regions,  via. 

Sens.  App. 
Brain,  vid.  Nerv.  App. 
Breast,  vid.  Gen.  App.  (fem.) 
Bronchi,  vid.  Respir.  App. 
Bruches  agminated    follicles   (pUqaes)   of 

cocyunctiva,  vid.  Sens.  Ai^. 
Brunner's  glands,  vid.  Digest.  App. 
Buccal  glands,  vid.  Digest.  App. 
Bulb  of  eye,  617 
Bulb  olfactory,  597 
Bulb  of  urethra,  566 
Butyric  acid,  24 

Calcification  of  cells,  vid.  Cells 

Canal,  semicircular,  of  ear,  vid.  Sens.  Afp. 

Canal  of  Petit  of  eye,  vid.  Sens.  App. 

Canal  of  Schlemm  of  eye,  vid.  Sens.  App. 

Canaliculi  of  bone,  243 

Canalis  cochlearis,  vid.  Sens.  App. 

Canals,  Haversian,  240 

Capillaries,  vid.  Vessels 

Capillary  canals,  vid.  Vessels 

Capillary  vessels,  vid.  Vessels 

Capillary  looped  networks,  vid.  Vessblb 

Caprinic  acid,  25 

Capronic  acid,  25 

Caprylic  acid,  25 

Capsula  lentis,  vid.  Lens  Tiss. 

Capsule  of  cells,  vid.  Cells 

Caput  epididymis,  vid.  Gen.  App. 

Carbohydrates,  30 

Cardiac  ganglia,  vid.  Ganglia 

Carotid  ganglion,  vid.  Ganglia 

Cartilages,  166 

articular,  167,  174 

calcification  of,  171 

capsules,  169 
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fatty  infiltntion  of,  171 
oells  of  (medulUry),  171 

Mgmentation  of,  170 
chemical  analysis  of,  188, 184 
dassification  of,  167 
eonDective-tissne,  vid.  fibro-cartilaga 
early  appearance  of,  186 
ekchondroses,  186 
elastic  179 
endiondroma,  186 
fibfX),  180,  225 

ooUoid  nuclei  of  intenrertebral  liga- 
ments, 182 
fibro-reticalar,  179 
hyaline,  166 

portions  of  adult  bodies  still  oonsist- 
ofit,178,  174 
*  preformation  of  foetal  skeleton  in,  173 

interoellnlar  substance,  169 

•onroe  of,  169 
liquefaction  of,  173 
medulla  of,  251 
membraniform,  167 
neoplasmata  of,  186 
permanent,  167 

respiratory  apparatus,  of,  176,  448 
reticular,  179 
significance  of,  in  adult  and  foetal  body, 

185 
temporary,  167 
Ouein,  17 

Cauda  epididymis,  vid.  Gkn .  App. 
Oavemous  passages  of  lymphaticglands,  rid, 

Cmo.  Ait. 
Cells,  63 

amoeboid  motion  in,  75 
body  of,  64 

material  of,  66 
calcification  of,  95 
capsule  of,  83 
casting  off  of,  94 
chemical  constitution  of,  72 
cUiated,  the,  78 
colloid  metamorphosis  of,  94 
component  parts  of,  66 
containing  red   blood-corpuscles,   vid, 

CiRC.  App. 
contnu;tile,  75 
cytoblastema,  87 
decay  of,  94 
derivative«  of,  vid.  Cells,  as  parent  of 

other  structures 
division  of,  88 
envelope,  64 

structure  of.  68 
enveloping  sphere  of,  92 
fatty  metamorphosis  of,  95 
flattened,  65 
formed  products  of,  82 

basement  membranes,  84 

^und  substance,  86 

mtercellular  substance,  86 

intermediate  roembnue,  84 

membrana  propria,  85 

tissue  cement,  86 
fusiform,  66 
generation  of.  within  larger  and  older 

cells,  94 
giant  (multinnclear),  71 
granulated»  69 


GeDs,  growth  of,  78 

interchange  of  material  of,  80 

mature,  66 

membrane  of,  64 

multinudear,  71 

multiplication  of,  88 

networks  of,  vid.  Cells,  as  paraal  ol 

other  structures  and,  98 
nucleolus,  64,  70 
nucleus,  64,  69 

absence  of,  71 

gemmation  of,  91 
ova,  perfect  examples  of,  64 
parent,  89 
parents  of  other  structures  as,  96 

of  cellular  networks,  98 

of  connective  substances,  98 

of  connective-tissue  fibres,  89 

of  elastic  fibres,  89 

of  nerve  fibres,  100 

of  smooth  muscle  fibres,  95 

of  striped  muscle  fibres,  96 

of  vascular  cells,  97 
physiological  properties  of,  64 

decay  of,  101 
pore  canals  of.  83 
protoplasm  of,  66 

deposit  of  strange  mattere  in,  67 
psorospermia  in.  92 
reception  of  solid  particles  into  interior 

of,  77 
Rewtak^a  discoveries  concerning,  98 
ridged,  69 
segmentation  of,  88 

of  naked  cells,  88 

of  encapsuled,  89 

of  parent,  89 

of  daughter,  89 

of  yelk,  90 
senescent^  66 
shape,  65 

single-celled  organisms,  64 
size  of,  65 
smooth-edged,  69 
solution  o^  94 
spheroidal,  65 
spinous,  69 

spontaneous  generation  of  (Schwtmn)j91 
stellate,  66 

tall  narrow  species  of,  66 
tuberculisation  of,  95 
vital  properties  of  (amreboid  motion},  75 
wandering  of,  through  the  body,  78 

significance  of  latter  process  in  inflam> 
mation,  79 
Cellular  networks,  vid.  Cells,  as  parent  of 

other  structures 
Cement,  vid.  Dent  Tiss. 
Central  oivans  of  Nkry.  8t8.  (brain  and 

cord),  vid,  Nkrv.  App. 
Cerebellum,  vid  Nsry.  App. 
Cerebre  ganglia,  vid,  Nerv.  App. 
Cerebrum,  vid.  Nery.  App. 
Cerumen,  vid.  Sens.  App. 
Ceruminous  glands,  vid.  Sens.  App. 
Chemistry  of  tissues^  5 
physiological,  6 
bloride  of  ammonium,  62 
of  calcium,  58 
of  iron,  62 
of  magnesium,  59 
of  potassium,  61 
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Chloride  of  sodium,  60 

Cholestearin,  30 

Cholic  acid,  89 

Cholin  (nearin),  48,  and  Nerve  TiaB, 

Chondrigen,  22 

Chondrin,  22 

Chorda  dorsalis,  vid.  Cartilage 

Choriocapillaris,  vid.  Sens.  App. 

Choroid  coat  of  eye,  vid.  Sens  App. 

Chorion  (zona  pellucida)  of  ovum,  vid.  Gen. 

App. 
Chyle,  vid.  Lymph 

vessels,  vid.  Vessels 
corpuscles,  vid.  Lymph 
in  intestinal  villi,  vid.  Digest.  App. 
Ciliary  arteries,  vid.  Sens.  App. 
Ciliary  motion,  vid.  Epithelium 
Ciliary  muscles,  vid.  Sens.  App. 
Ciliary  nerves,  vid.  Sens.  App. 
Ciliary  processes,  vid.  Sens.  App. 
Ciliated  cells,  vid.  Epithelium 
Circulatory  Apparatus,  403 
Blood-vascular  Glands,  440 
carotid  gland  (ganglion   intercaroti- 

cumT,  448 
coccygeal  gland,  447 
structure  of,  447 
vessels  of,  447 
pituitary  body,  446 
glandular  structure  of  anterior  lobe, 
446 
suprarenal  body,  443 
AddiiOfCa  Disease,  446 
blood-vessels  of,  445 
composition  of,  446 
cortical  substance  of,  443 
development  of,  448 
envelope  of,  463 
lymphatics  of,  445 
medullary  substance  of,  444 
pathological  changes  in,  446 
thyroid,  440 
colloid  metamorphosis  of,  442 
composition  of,  442 
development  of,  443 
goitre  in,  442 
lymphatics  of,  441 
nerves  of,  442 
stroma  of,  441 
vesicles  of,  441 
Heart,  403 
auricles  of,  405 
endocardium  of,  405 
fibres  of  Purkinje  of,  405 
ganglia,  406 

muscular  substance  of,  403,  292 
nerves  of,  403,  406 
pericanlium  of,  403 
valves  of,  406 
vessels  of,  406 
Lymphatic  Glands,  407 
follicles  of,  407 
of  cortical  layer,  407 
of  medullary  mass,  407 
investing  spaces  of,  408,  410 
structure  of,  408 
hiius-stronia  of,  411 
lymphatic  passages  of,  415 
epithelial  lining  of,  417 
lymph  tubes  of,  411,  412 
origin  of,  413 
terniinatipn  of,  413 


Circulatory  Apparatus— 
Lymphatic  Glands — 
medullary  substance  of,  407 
nerves  of,  418 

nucleus  of,  vid.  hilus-stroma 
septa  of,  408 
substance  of,  411 
vas  afferens  of,  407 
vas  efferens  of,  407 
vessels  of,  414 
Lymphoid  Organs,  420 
lenticular  follicles  of  stomach,  420 
lingual  follicles,  420 
lymphoid  follicles,  420 

investing  spaces  of,  421 

lymphatic  passages  of,  422 

structure  of,  420 
lymphoid  glands,  420 

agminated,  420 

BoUtery,  420 
spleen,  426 

arteries  of,  427 

capillaries  of,  431 

capillary  husks,  431 

cavernous  splenic  veins,  434 

cells  containing  blood  corposcl«,  4S 

composition  of,  439 

development  of,  440 

envelope  of,  446 

follicles  of,  430 
gradual  formation  of  same,  481 

intermediate  pulp  passages  of,  486 

lymphatics  of,  438 

lymphoid  portion  of,  427 

Maipiqhian  corpuscles  of,  427 

morbid  changes  in,  440 

nerves  of,  438 

penicilli,  427 

piüp,  427 

pulp  tubes,  432 

pulp  cords,  432 

septa,  427 

trabeculse,  427 

transition  of  arterial  into  venoiis 
circulation  in,  435 

vascular  sheaths  of,  429 

veins  of,  434 

venous  system  of,  434 

walMess  passages  of,  435 
thymus,  423 

acini  of,  424 

central  canal  of,  423 

composition  of,  425 

concentric  bodies  of,  424 

degeneration  of,  425 

development  of,  425 

granules,  424 

lobules,  428 

lymphatics,  425 

vessels,  424 
tonsils,  420 
trachoma  glands,  420 
Circulus  arteriosus  iridis  major  and  minor, 

vid.  Sens.  App. 
Circulus   arteriosus   musculi    ciliaris,   vid. 

Sens.  App. 
Clitoris,  vid.  Gen.  App.  (fem.) 
Coagulation  of  nervous  matter,  vid.  Nehv. 

App. 
Coccygeal  ^land,  vid.  CiRa  App. 
Cochlea,  vxd.  Sens.  App. 
Cochlear  nen'e,  vid.  Sens.  App. 
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CohnheivCa  fields  in  transYerse  sections  of 
muscle,  vid.  Mus.  Tiss. 
observations    on  wandering   of   wnito 
blood-corpuscles,  129 
Collagen,  22 

Colliculus  seminalis,  vid,  Gmr.  App. 
Colloid  matter,  21 

Colloid  metamorphosis  of  thyroid  gland,  vid, 
CiRO.  App. 
of  cells,  vid.  Cells 
Colloid  nucleus  of  intervertebial  ligameni^ 

vid.  Cart. 
Colon,  follicles  of,  vid.  Digest.  App. 
Colostrum,  vid.  Gen.  App.  (fem.) 
corpuscles,  vid.  Gen.  App. 
formation  of,  vid.  Gland.  Tiss. 
Colouring  matters  (animal),  60. 
Columnar  layer  of  retina,  vid.  Sens.  App. 
Commissures,  ant.  and  post,  of  spinal  cord, 

vid.  Nerv.  App. 
Conarium  (pineal  gland),  vid.  Nerv.  App. 
Concentric  bodies  of  thymus,  vid,  CiRO.  App. 
Cone  granules,  vid.  Sens.  App. 
Cones  of  retina,  vid.  Sens.  App. 
Coni  vasculosi,  vid.  Gen.  App. 
Conjunctiva  of  eye,  vid.  Sens.  App. 
Coigunctival  glands,  vid.  Sens.  App. 
Connective  substance,  its  orinn  from  cells, 
vid.  Cells,  parents  of  other  structures 
cytogenous,  vid.  Gelat.  Tiss. 
reticular,  187 

sustentacular  of  nervous  system  and  re- 
tina, 188,  196 
Connective-tissue,  205 
bundles 
elastic  limiting  layers  of,  210 
primary,  secondary,  and  tertiary,  207 
cartilage,  vid.  fibro-cartilage 
cells,  vui.  corpuscles 
cornea  of  eye.  220 
canal  work  of,  222 
corpuscles,  222 

elastic  laminsB  of  (ant.  and  post),  220 
epithelium  of,  220 
tusue  of,  220 
corpuscles,  212 
amoeboid  motion  of,  213 
immigration  of,  into  tissue  of  cornea 
under    inflammatory    irritation 
Cohnheim*a  and  v.  Recklinghaua- 
en'a  exi)erinients,  222 
in  an  inanimate  state,  214 
stellate  pigmentary,  219 
change  of  form  of,  219 
cutis  vera,  of,  228 
dental  pulp,  of,  218 
elastic,  elements  of,  208     • 
nucleus  fibres,' 208 
origin  of.  in  embryo,  237 
structures  of  respiratory  oigans,  229 
tissue,  so-called,  210 
fasciffi,  226 

fibres,  vid.  CeUs,  as  parents,  and,  205 
fibrülae,  205 

more  closely  considered,  206 
fibromata,  234 
fibrous  membranes,  225 
formed,  219 
ligaments,  225 

ligamentum  flav»  of  spinal  col.,  229 
ligamentum  nuch»,  229 
mode  of  occurrence,  of,  216 


Connective-tissue,  loose  areolar,  217 
mucous  membranes  of,  228 
neurilemma,  226 
oi-igin  of,  in  the  embryo,  235 
perichondrium,  226 
perineurium,  226 
periosteum,  226 
physiological  put  poses  of,  232 
plasmatic  circulation  (suppositions)  in, 

223 
relationship  to  other  tissues,  233 
serous  membranes  of,  226 
subarachnoid  spaces  of,  227 
subcutaneous,  2l8 
submucous,  218 
subserous,  218 
suppuration  in,  234 
synovial  burse  of,  227 

sheaths  of,  227 
tendons  of  (in  the  infant),  224 

(in  the  adult),  224 
tunics  of  blood  and  lymph  vessels,  229 
varieties  of,  205 

vascular  membranes  of  (pia  mater  and 
choroid  plexus),  229 
Contour  (double)  of  nerves,  vid.  Nerve  'nss. 
Contour  lines  of  dentine,  vid.  Dental  Tiss. 
Contractility,  vital,  of  cell,  vid.  Cells 
Convoluted  glands  of  conjunctiva,  vid.  SlNB. 

App. 
Copper,  62. 

Cord,  spinal,  vid.  Nerv.  App. 
Cornea,  vid.  Con.  TisS.  and  Sens.  App 
Corneal  tubes,  vid.  Sens.  App. 

nerves,  vid.  Sens.  App. 
Corneous  layer  of  epidermis,  vid.  Epithe* 

lium,  and  Sens.  App. 
Comification  of  flattened  epithelium,  vid. 

Epithelium 
Comn  ammonis,  vid.  Nerv.  App. 
Comua  of  spinal  cord 

accessory  of  medulla  oblongata 

corpuscles,  vid.  Con.  Tiss. 

germinal  layers  (epiblastf  mesobUui,  and 

hypoblast) 
layer  of  epidermis 
Corpora  cavernosa,  vid.  Gen.  App.  (male) 
Corpora  quadrigemina,  Nerv.  App. 
Corpora  amylacea,  29 

quadrigemina,  vid.  Nerv.  Tiss. 
(^rps  inomin€  of  testicle,  vid.  Gen.  App. 

(male) 
Corpus  ciliare  of  eye,  vid.  Sens.  App. 
Corpus  dentatum  of  cerebellum,  vid.  Nerv. 
App. 
of  olivary  body,  vid.  Nerv.  App. 
CJorpus  epididymidis,  vid.  Gen.  App. 
Corpus  Juighmori  of  testicle,  vid.  Gen.  App. 

(male) 
Corpus  luteum,  vid.  Gen.  App.  (female) 
Corpus  striatum,  vid.  Nerv.  App 
Corpus  vitreum,  189 

Cortex  corticis  of  kidney,  vid.  ÜRIH.  App. 
Cortis  fibres  in  cochlea,  vid.  Sens.  App. 
cells  of.  vid.  same, 
organ  of,  vid.  Sens.  App. 
Co wi)er's  glands,  vid.  Gen.  App. 
Crura  cerebelli 

ad  corpora  quadrigemina 
ad  medullam  'oblongatam 
ad  pontero.  vid.  Sens.  App. 
Crura  cerebri  ad  psntem,  vid.  Sens.  Apf. 


670 


niDXX. 


Orosta  petrosa,  tfid.  Dent  Tist. 

Cryttallin,  vid.  Globuün,  17 

Cumulus  proligerus  of  ovary,  vid.  GsN.  APP. 

(female) 
Coticnla  of  hair,  vid.  Hair 
Cyanogen  compounda,  54 
OygtXn,SO 

Cytoblaatema,  vid.  Cells 
Cytogenic  coonective-tiasne  of  Koelliker,  193 

Daoghter  cells,  vid.  Cells 
Deeidna  of  uterus,  vid.  Gen.  App.  (female) 
Dehiscence  of  glands,  vid.  Gland.  Tiss. 
of    Ovaria!   follicles,   vid.  Gek.    App. 
(female) 
Deiter^a  cells,  vid.  Sens.  App. 
Dental  tissue,  260 
cement,  264 
composition  of,  265 
formation  of,  271 
lacunae  of,  265 
crusta  petrosa,  265 
dental  canal  iculi,  261 
cup,  271 
fibres,  264 
foUicles,  266 
germ,  266 
groove,  267 
ridge,  267 
dentine,  261 
cells,  254 

composition  of,  265 
contour  line,  2i63 
globules,  262 
ground-substance,  262 
interglobular  spaoea,  262 
enamel,  261 
germ,  268 
membrane,  269 
organ.  266 
odontoblasts,  264 

layer  of,  270 
pathological  conditions  of,  272 
pulpa  dentis,  263 
teeth,  260 

development  of,  266 
tooth  260 
crown  of,  260 
germ,  vid.  dental  germ 
neck,  260 
root  of,  260 
Tomes'  fibres,  264 
layer,  262 
Dental  germ,  vid.  Dent  Tiss. 
Dental  cells,  vid.  Dent  Tiss. 
Dentine,  vid.  Dent  Tiss. 
Diarthrosis,  vid,  BoNT  App. 
DiOBsnvE  Appabatus,  458 
Colon,  497 
blood-vessels  of,  498 
development  of  mucous  coat,  499 
lymphatics  of,  498 
lymphoid  follicles  of,  497 
tubuliof,  497 
Intestine  (small),  484 
development  of,  497 
glands  of,  486 
ßrunner'a,  486 
LieberkührCSf  488 
racemose,  vid.  Brunner's 
Inices  of,  499 
lymphatics  of,  495 


DiOBnvB  Afparati»^ 
Intestine  (small)— 
lymphatics  of,  arrangement  in  mncow 
membrane  and  sab-mncooa  tia» 
sue,  496 
in  Peer's  plaones,  496 

Auerbach*8  interlaminar  plexos  of, 
496 

in  villi  and  muscular  tunic,  495 

radicles  of,  495 
lymphoid  foUicles  of,  489 

agminated,  489 

base,  490 

cupola,  490 

form  of,  490 

mesial  zone  of,  490 

mrts  of,  490,  491 

Peyer't  plaques,  489 

position  of,  489 

ridge  of  mucous  memb.  of,  491 

structure  of  follicles,  491 
mucous  membrane  of,  484 
nervous  apparatus  of,  492 

A  verbawa  plexus  myentericos,  494 

Remal^a  and  Meissner*»  snb-muooot 
plexus,  492 
snccus  entericus,  499 
valvul«  conniventes,  484 
vascular  supply  of,  493 
vUli,  484 

capillary  network  of,  485 

chyle  radicles  of,  486 

structure  of,  485 
Liver,  502 
bile,  a  secretion  of,  512 
bile,  composition  of,  512 

gases  of,  513 

pigments  of,  53,  513 

quantity  of,  513 

secretion  of,  513 

uses  of,  514 
bile  ducts,  506 

glands  of,  510 
bile  capillaries,  506 

relation  of,  to  cells,  507 

walls  of,  509 
cells.  502 

arrangement  of,  502 

contents,  502 

cuticular  border  of,  509 
cirrhosis  of,  502 
composition  of  tissue  of,  511 
development  of,  514 
gaU  bladder,  509 

vasa  aberrantia  of,  510 
lobules  of,  502 

arrangement  of  vessels  in,  504 

capillaries  of,  504 

demarcation  of,  504 

sustentacular  tissue  of,  505 
lymphatics  of,  510 
nerves  of,  511 
vena  hepatica,  504 
vena  intralobularis,  504 
vena  interlobularis,  504 
vena  porta,  504 
Mouth,  458 
glands  of,  459 

buccal,  459 

lingual,  459 

palatal,  459 
lymphoid  organs  of,  469 
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DIOE8TIVB  Aeparatüs-- 
Mouth- 
mucus  of,  464 
mucous  membrane  of,  458 
mbmucosa,  458 
(Esophagus, 
glands  of,  472 
Jyrophatics  of,  473 
nerves  of,  473 
vessehi  of,  473 
Processus  vermiformis,  499 
Pancreas,  499 
development  of,  500 
juice  of,  501 

composition  of,  501 
nerves  of,  500 
secreting  tubules  of,  500 
structui-e  of,  500 
Phamyx,  472 
lymphatics  of,  472 
lymphoid  oi]nins  of,  472 
vessels  of,  472 
^liva,  483 
composition  of,  468 
uses  of,  464 
Salivary  glands,  460 
parotid,  462 
secretion  of,  465 
effectof  irritation  of  nerves  on,  465 
submaxillary  glands,  460 
blood-vessels  of,  461 
border  cells  of,  465 
crescents  of,  465 
excretory  ducts  of,  461 
lymphatics  of,  461 
mucus  of,  465 

nerves  of  (termination  of),  461 
secretion  of,  464 
corpuscles  of,  465 
effect  of  nerve  irritation  on,  464 
varieties  of  cells  of,  460 
sublingual  ginnds,  462 
secretion  of,  465 
Stomach,  473 
cells.  477 

development  of,  482 
glands  of,  475 
cells  of,  475 
adelumorDhous,  478 
delom  Orphons,  478 
membrana  propria  of,  475 
mucous  of,  479 
pepUc,  475       "^ 
racemose,  479 
Juices  of,  482 
action  of,  482 
composition  of,  482 
mucous  membrane  of,  474 
muscularis  mucos»,  474 
lenticular  follicles  of,  480 
lymphatics  of,  481 
nerves  of,  481 
peptones  of,  483 
serous  covering  of,  478 
vascular  system  of,  480 
Tongue,  466 
development  of,  469 
fibro-cartilage  of,  466 
glands  of,  469 
lingual  follicles,  469 
lymphatics  of,  468 
mucous  membrane  of,  469 


Digestive  Apparatus—   . 
Tongue — 
mucous  membrane  of,  lymphoid  infil- 
tration of,  469 
muscular  substance  of,  466 
nerves  of,  468.  and  Sens.  App. 
papillie  of,  467 
circumvallate,  467 
filiform,  467 
fungiform,  467 
Tonsils,  470 
lymphatics  of,  471 
vessels  of,  470 
Diglycerides,  24 

Dilatator  pupillie,  via.  Sens.  App. 
Disks,  via.  Mus.  Tiss. 
Ductus  eiaculatorii,  vid.  Gen.  App. 
Ductus  thoracicus,  vid.  Vessels 
Dura  mater,  vid.  Nerv.  App. 
Duvemey*8  glands,  vid.  Gen.  App.  (female) 

Ear  (internal),  vid.  Sens.  App. 
Ekchondroses,  viti.  Gartilages 
Elain,  1^.  Triolein,  26 
Elaidic  acid,  25 
Elastin  (elastic  material),  23 
Elementary  parts  of  body,  63 
Elements  of  composition  of  body,  11 
Enamel  of  teeth,  vid.  Enamel  Tiss. 
Enamel  columns,  vid.  Enamel  Tiss. 
Enamel  cuticle,  vid.  Enamel  Tiss. 
Enamel  fibres,  vid  Enamel  Tiss. 
Enamel  germ,  vid.  Dent  Tiss. 
Enamel  membrane,  vid.  Enamel  Tiss. 
Enamel  organ,  vid.  Dent.  Tiss. 
tissue  of,  vid.  Gel&t.  Tiss. 
Enamel  prisms,  vid.  Enamel  Tiss. 
Enamel  tissue,  273 
columns,  273 

cuticle  (membrana  pneformativa),  270 
composition  of,  279 
development  of,  275 
fibres  of,  273 
prisms  of,  273 
Enchondroma,  vid.  Cartilages 
End-bulbs,  tiirf.  Nerv.  Tiss. 
End-capsules  of  jyland  nerves,  vid.  Nerv.  Tiss. 
Endocardium,  vid.  Giro.  App. 
Endogenous  cell  growth,  vid.  Cell 
Eudolymph  of  internal  mt,  vid.  Bens.  App. 
Endothelium,  vid.  Epith.  and  Vessels 
Envelopes  of  fine  ner\'e   twigs,  vid.  Con. 

Tiss.  and  Nerve  Tiss. 
Enveloi)es  of  the  central  organs  of  nervous 

system,  vid.  Nerv.  App. 
Ependymal  thread  of  spinal  cord,  vid.  Nebv. 

App. 
Epidermis,  vid.  Epith. 
Epididymis,  vid.  Gen.  App.  (male) 
Epithelium,  137 

Cells  (varieties  of),  138 

action  of  alkalies  upon,  151 

beaker,  vid.  goblet 

ciliated,  138 

columnar,  138 

flattened,  139 

goblet,  143 

occurrence  of  mucous  and  pus-cor- 
puscles in,  153 

pavement,  138 

pigmentary,  138 

ridged,  141, 142 
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Epithelium — 

Cells»  relationslilp  to  gland  cells,  152 
spinooa,  141, 142 

Ciliated,  148 

Ciliary  motion  of,  156 

Columnar,  146 
thickened  border  of,  84, 147 
pore  canals  in,  84,  147 

Composition  of,  150 

Development  of,  137 

Endothelium,  159 

Epidermis,  144 
corneous  layer  of,  144 
comification  of,  150 

Goblet  cells  in,  150 

Keratin  of,  151,  152 

Laminated,  139 

Mucus  of,  154 

Pavement.  139 

Physiological  significance  of,  152 

Rete  Malpighi,  144 

Synovia  a  secretion  of,  155 
Erection  of  penis,  vid.  Gen  App. 
Eustachian  tube,  vid.  Sens.  App. 
Extractives,  54  (note) 
Eyelids,  vid.  Sens.  Ajpp. 

Fanes'  milk,  554 

Fallopian  tubes,  vid.  Gen.  Apf. 

Fats,  23 

cerebral,  28 

neutral,  26 

of  several  organs  and  tissues,  vid.  same 

purposes  of,  27 
Fat-cells  containing  serum,  vid.  Fatty  Tiss. 
Fat-cells  poor  in  fat,  vid.  Fatty  Tiss. 
Fatty  acids,  23 

Fatty  degeneration  of  muscle,  vid.  Mus.  Tiss. 
Fatty  metamorphosis  of  cells,  vid.  Cells 
Fattv  tissue,  198 

blood-vessels  of,  200 

development  of,  in  embryo,  203 

distribution  of,  through  the  body,  200 

fat  cells,  198 
deprived  of  fatty  matter,  and  contain- 
ing serum,  199,  200 
formation  of,  from  connective-tissue 
corpuscles,  203 

fatty  tumours,  201 

panniculus  adiposus,  200 

physiological  purposes  of,  202 
Fatty  tumours,  201 

Fermentation  of  urine,  vid.  Urin.  Aj»p. 
Ferments,  14,  17 

Fibre-cell  contractile,  vid.  Muscle  Tiss. 
Fibres  (elastic),  vid.    Cells,  as  parent   ot 

tissues  and  Con.  Tiss. 
Fibrin,  15 

coagulation  of,  16 
Fibrinogen,  15 
Fibrinoplastin,  16 
Fibroma,  vid.  Con.  Tiss. 
Fibro-cartilage,  vid.  Cartil.  and  Con,  Tiss. 
Fibro-reticular  cai-tilaj^e,  vid.  Cartil. 
Fluoride  of  calcium,  58 
Follicles, 

of  colon,  vid.  Digest.  App. 

Graafian,  vid.  Gen.  App.  (female). 

of  lymphatic  glands,  vid.  CiRC.  App. 

lymphoid,  via.  CiRO.  App.,  and  several 
organs 

Afalpighian,  vid.  CiRC.  App. 


Follicular  rudiments  of  ovary,  vid.  Gbn. 

App.  (female) 
Forked  cells,  vid.  Sens.  App. 
Form  elements  of  body,  63 
Form,  change  of,  in  amoeboid  cells,  vid.  Cell« 
Formatio  granulosa  of  ovarial  follicle,  vid. 

Gen.  Aj»p.  (female) 
Formatio  reticularis  of  med.  oblong.,  vid. 

Nerv.  Ajpp. 
Formic  acid,  24 

Fovea  centralis  of  retina,  vid.  Sens.  Afp. 
Fundamental  lamellae  of  bone,  vid.  Gas.  Tim 

Gall  bladder,  vid.  Digest.  App. 
Gkmglia  of  different  organs,  vid.  same 
cardiac,  vid.  CiRC.  App. 
cells  of,  vid.  Nerve  Tiss. 
apolar,  vid.  Nerve  Tiss. 
bipolar,  vid.  Nerve  Tiss. 
multipolar,  vid.  Nerve  1^. 
unipolar,  vid.  Nerve  Tis«, 
ranufying  in  anterior  coma  of  spinal 
cordj  vid  Nervous  App. 
cerebral,  vtd.  Nervous  App. 
corpuscles,  vid.  Nerve  Tiss. 
structure,  vid.  Nerve  Tiss. 
Ganglion  intercaroticum,  vid.  CiBC.  App. 
Ganglion  spirale  of  Cortif  vid.  Sens.  App. 
Ganglionic  cell  layer  of  retina,  vui.  Sens.  App. 
Ganglionic  plexuses 

of  submucosa  of  intestine,  and  of  mna- 
cular  tissue,  vid.  Nerv.  Tiss.  and 
Digest.  App. 
ÖeaenJbaur'a  osteoblasts,  vid.  Oss.  Tiss. 
Gelatinous  and  Reticiüar  connective  sub- 
stance, 187 
forms  of,  187 

mucoid  of  enamel  organ,  191 
of  vitreous  humour  of  eye,  189 

composition  of,  190 
of  gelatin  of  Wharton,  191 
neuroglia,  197 
reticular,  187,  193 
forms  of,  194 
where  found,  193 
sustentacular  of  Nervous  System  and 
Retina,  187,  190 
Generative  Apparatus  (female) 
Constituents  of,  526 
Corpus  luteum,  545 
degeneration  of,  546 
formation  of  mode  of,  546 
structure  of,  546 
true  and  false,  547 
Decidua,  549 
Fallopian  tubes,  547 
Formatio  granulosa,  540 
Hymen,  650 
Mammary  glands,  557 
areola  of,  552 
development  of,  552 
excretory  ducts  of,  552 
nerves,  551  « 

nipple,  552 
sacculi  lactiferi,  552 
structure  of,  551 
in  male,  553 
in  child,  552 

in  mature  body,  553  » 

in  virgin,  553 
vascular  supply  of,  551 
Milk,  553 
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Genxratiyb  Apparatus  (female) — 
Milk,  colostrum  corpiiscles  of,  554 

composition  of,  554 

corpuscles  of,  553 

globules,  553 

mode  of  generation  of,  555 

purposes  of,  555 
Ovary,  540 

blood-vessels  of,  540 

cortical  zone,  538 

development  of,  542,  from  Wolßan 
bodies 

germinal  epithelium,  537 

Gma/ian,  follicle  of,  539 
bursting  of,  545 

cumulus  proligerus  (ovigerus),  540 
liquor  folliculorum,  540 
membrana  granulosa,  540 
membrana  folllcula,  539 
tbeca  folliculi,  539 

hilus  stroma  of,  537 

lymphatics  of,  544 

medullary  substance  of,  587 

nerves  of,  544 

sustentacular  matter  of,  537 
Ova  chains,  513 
Ovum  (ovule),  540 

chorion  of,  540 

destiny  of,  545 

discharge  of,  545 

germinal  vesicle  o^  540 

germinal  spot  of,  Wagner,  540 

macula  germinativa,  540 

vitellus  (yelk),  540 
segmentation  of,  545 ;  and  Cells 
Parovarium,  541 
Primordial  follicles,  543 
Primordial  ova,  542 
Pudenda,  550 

blood-vessels  of,  550 

clitoris,  550 

genital  corpuscles  of,  551 

glands  of  Bartholin^  550 
of  Duvemey,  551 

nerves  of,  551 

nymphse,  550 

vestioulum,  550 
Purkinje*8  vesicle,  640 
Uterus,  547 

arteries  of,  548 

during  menstruation,  549 
pregnancy,  549 

glands  of,  548 

lymphatics  of,  548 

nerves  of.  549 
Vagina,  550 

nerves  of,  550 

vascular  supply  of,  550 
Wolßan  bodies,  development  of  ovary 

from,  542 
Zona  pellucida,  540 
Zone  of  primordial  follicles,  540 
Generative  Apparatus  (male),  555 
Ck)nstituents  of.  555 
CoUiculus  semiiialis.  vid.  Urethra,  566 
Corps  iunoniin^,  vid.  Testis,  555 
Cowper'a  glands,  566 
Ductus  ejaculatorius.  565 
Erection,  theory  of,  670 
Epididymis.  555 

caput  of,  556 

Cauda  of,  557 


GEinERATivB  Apparatus  /male)  — 
Epididymis,  corpus,  557 

vasa  aberantia,  557 
Hvdatids  of  Morgagni,  559 
LxUre'a  glands,  vid.  Penis 
Organ  of  Oiraldia,  559 
Parepididj-mis,  559 
Penis,  566 
corpora  cavernosa,  567 
arteriae  helicinoe  of,  569 
lymphatics  of,  569 
nerves  of,  569 
vessels  of,  568 
erection  of,  570 
glands  of  Tyson,  567 

of  Xi^^r«,  567 
skin  of,  567 
structure  of,  566 
Prostate,  565 

calculi  of,  566 
Semen,  560 

composition  of,  561 
Smegma  preputii,  567 
Spermatozoa,  560 
composition  of,  560 
development  of,  561 
movements  of,  563 
penetration  of  into  ovum,  564 
structure  of,  560 
under  actions  of  reagents,  563 
Testis,  555 
coverings  of,  555 
coni  vasculosi  of,  556 
corpus  Highmoriani,  556 
development  of,  659 
lymphatics  of,  558 
nerves  of,  559 
rete  testis,  556    . 
structure  of,  557 
sustentacular  tissue  of,  557 
tubulus  rectus,  556 
vasa  efferentia,  556 
vessels  of,  558 
Tyson* 8  glands,  vid.  penis,  567 
Uterus  masculinus,  566 
Urethra,  556 

colliculus,  seminalis  of,  556 
Vasa  deferentia,  564 
Yesiculse  seminales,  565 
Germinal  layers  of  embryo,  129,  137 
Germinal  vesicle  of   Purkinje,  vid,  Qsir. 

App.  (fem.),  Ovum 
Germinal  spot  of  Wagner  o{  osMm,  vid,  QSN. 

App.  (fem.) 
Giant  cells  (of  medulla  of  bone),  vid.  Cells 

and  BoNT  App. 
Giraldis,  organ  of,  vid,  testis,  Gen.  App. 

(male) 
Glandula  agminatse,  429 
Glandular  TisMues,  353 
Composition  of,  359 
Glands,  353 
acini  of,  348 
blood-vessels  of,  353 
capsules  shut,  348 
cells  of,  345 
I>art  taken  by,  in  secretion,  851 
transitoriness  of,  351 
varieties  of,  349 
compound,  849 
dehiscence  of,  849 
excretory  passages  of,  854 
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Glandular  IHssaes— 

Glands,  general  comparison  of,  359 

lobules  of,  848 

lymphatics  of,  354 

membrana  propria  of,  845 
anatomically,  348 
physiologically,  348 
structure  of,  848 

muscular  elements,  354 

nenres,  354 

simple,  349 

tubular,  349 

vesicles,  348 
shut,  348 
Gland  capsules,  vid.  Gland.  Tiss. 
Gland  cells,  vid.  Gland.  Tiss. 
Gland  nerves,  vid.  Nerv.  Tiss.  end  capsules 

of,  827 
Gland  tubules,  vid.  Gland.  Tiss. 
Gland  vesicles,  vid.  Gland.  Tiss. 
Globulin,  17 
Glomerulus,  vid.  Vessels 
Glutin,  22 ;  glutin-yielding  substances.  21 
Glycerin.  23 

Glycerophospboric  acid,  24 
Glycin,  48 
Glycocholic  acid,  39 
Glycogen,  31 

Goitre  of  thyroid  gland,  vid.  Onto.  App. 
OoU,  band  of,  in  spinal  cord,  vid.  Nebv. 

App. 
Oraaßan  follicle,  vid.  Ovary,  Gen.  App. 
Granular  layer  of  retina,  via.  Sens.  App. 
Granules  of  cerebellum,  vid.  Nebv.  App. 
Granules  of  retina,  vid.  Nebv.  App. 
Grape  sugar,  32 

Ground  lamellae,  vid.  General  Lamella 
Ground  substance,  vid.  Cells 
Growth  of  cells,  vtd.  Cells 
Guanin,  43 

Gustatory  buds,  vid.  Sens.  App. 
Gustatory  cells,  vid.  Sens,  App. 
Gustatory  organ,  (tongue),  vid.  Sens.  App. 
Gustatory  papill»  of  tongue,  vid.  Digest. 

App. 

Habenula  interna  (sulcata)  externa  (denti- 
culata)  perforata  and  tecta  of  the  coch- 
lea, via.  Sens.  App. 
Hflsmatin,  50 
Hssmatoglobulin,  18 
Hsematocrystallin,  IS 
Hssmatoidin,  51 
Hnmin,  50 
Hnmoglobulin,  18 
Hail-,  388 

arrectores  pilorum,  389 
bulb,  388 

structure  of,  391 
composition  of,  349 
development  of,  in  embryo,  396 
follicle,  388 
layers  of,  389 
muscles  of,  389 

Sowth  of,  396 
enU's  layer,  391 
ffuxley'8  layer,  391 
papilla  of,  390 

physiological  purposes  of,  895 
regeneration  of,  397 
roots  of,  3S8 
root-sheath,  888 


Hair- 

root-sheath,  external,  890 

internal,  890 
shaft,  388 
cortical  portion  of,  391 
cuticle  of,  392 
hair  scales  of,  392 
medulla  of,  393 
structure  of,  391 
Hair  bulb,  vid.  Hair 
Hair  follicles,  vid.  Hair 
Hair  scales,  vid.  Hair 
Haversian  canals,  vid.  Oss.  Tiss. 
Haversian  glands  (so  called)  of  booes^  vitL 

Bony  App. 
Haversian  lamellsB,  vid.  Oss.  Tiss. 
Haversian  spaces,  vid.  Oss.  Tiss. 
Heart,  vid.  CiBC.  App. 

ganglia  of,  vid.  CiBO.  App. 
muscle  of,  vid.  CiBa  App. 
nerves  of.  vid.  CiBO.  App. 
valves  of,  vid.  Cmc.  App. 
vessels,  vid.  CiRO.  App. 
Hemispheres  of  cerebrum,  vid.  Nebv.  Afp. 
Hemispheres  of  cerebellum,  vid.  Nebv.  Apf. 
HeMs  investigation  on  structure  of  kidney, 

vid.  ÜBIN.  App. 
HeMs  layer  of  inner  root-sheath,  vid.  Hair 
Hepatic  vein,  blood  of,  vid.  Blood. 
Hilus  stroma  of  ovary,  vid.  Gen.  App.  (fem.) 
Hilus  stroma  of  lymphatic  glands,  vid,  Oac. 

App. 
Hippuric  acid,  83 

in  urine,  vid.  Ubin.  App. 
Histochemistry,  4 
Histcwenesis,  4 
Histology,  1 

comparative,  4 
general,  1 
pathological,  4 
topographical,  7 
Humur  aqueus  of  eye,  vid.  Sens.  App. 
Humor  vitreus  of  corpus  vitreus,  vid,  Qelat. 

Tiss. 
Huxlet/%  layer  of  internal  root-sheath,  vid. 

Hair 
Hydrochlorate  of  hsematin,  50 
Hydrochloric  acid,  67 
Hymen,  vid.  Gen.  App.  (fem.) 
Hypophysis  cerebri,  vid.  CiBO.  and  Nbrv. 

App. 
Hypoxanthim  (sarkin),  43 

Indican,  .52 

Indigo,  52 

Infundibula  of  lung,  vid.  Resp.  App. 

Inosinic  acid,  36 

Inosite,  33 

Intercellular  substance,  vid.  Cells 

Interchange  of  material  of  cells,  vid.  Oils 

Interglobular  spaces,  vid.  Dental  Tiss. 

Intergranular  layer  of  retina,  vid.   Sens. 

App. 
Intestinal  glandular  geiminal   layer,   129, 

137,  349 
Intestinal  juice,  vid.  Digest.  App. 
Intestinal  villi,  vid.  Digest.  App. 
Investing  spaces  of  lymph   follicles,  vid. 

Giro.  App. 
Investing  sphere,  vid.  Cells 
Iris,  vid.  Sens.  App. 

nerves  of,  vid.  Sens.  App. 


UTOEX. 


675 


Iron,  02 

in  different  orgsna  and  tissues,  vid.  same. 

in  hsmoglobulin,  18 

in  hsmatin,  60 

in  melanin,  52 

phosphate  of,  62 

protochloride  of,  62 

salts  of,  62 
Ivory,  vid.  Dental  Tiss. 

Joints,  vid.  Bony  App. 

Keratin,  21 

Kerkring'8  folds  of  intestines,  vid.  Digest. 

App. 
Kidney,  vid.  Urin.  App. 
Kreatin,  44 
Kreatinin,  45 

Lachrymal  glands,  vid.  Sens.  App. 

Lachrymal  passages,  vid.  SsN8.  Ap^. 

Labial  glands,  vid.  Digest.  App. 

Lacteals,  vid.  Vessels 

Lactic  acid,  34 

Lamellfls  of  bone,  vid.  Oss.  Tiss. 

Lamina   elastica   anterior  ot  cornea,  vid. 

CJon.  Tiss, 
Lamina  fusca  (supra-chorioidea)  of  eye,  vid. 

Sens.  App. 
Lamina  spiralis  of  cochlea,  vid.  Sens.  App. 
Lamina  spiralis  accessoria  of  cochlea,  vid. 

Sens.  App. 
Tiarynx,  vid.  Rksp.  App. 
Lateral  accessory  coma  of  med.  obi.,  vid. 

Nerv.  App. 
Lenticular  glandules  of  stomach,  v£(2. DIGEST. 

App. 
Lens,  tissue  of, 
capsule,  276 
composition,  278 
development,  279 
fibres  or  tubes,  276 

arrangement  of,  277 
membrana  capsulo  pupillaris,  280 
relation  of,  to  corneous  germinal  layer, 

279 
stars,  277 
Lens  capule,  vid.  Lens  Tiss. 
Lens  tuoes,  vid.  Lens  Tiss. 
Lens  stars,  vid.  Lens  Tiss. 
Lecithin,  28 

Luwwtnhoekf  A.  van,  2. 
Leucaemia,  vid.  Blood 
Leticin,  45 
Lieberkühn*8  follicles  of  small  intestine,  vid. 

Digest.  App. 
Ligamenta  ciliare  (ciliary  muscle),  vid.  Sens. 

App. 
Ligamenta  flava  of  spinal  column,  vid.  Cod. 

Tiss. 
Ligamenta  intervertebralia    (symphyses  of 

vertebral  bodies),  vid.  Cartil.  Tiss. 
Ligaments,  vid.  Con.  Tiss. 
Ligamentum  nuch»,  vid.  Con.  Tiss. 
Ligamentum  pectinatum  iridis,  vui.  Sens.  App 
Ligamentum  spirale  of  cochlea,  vid.  Sens. 

App. 
Lime  compounds,  57 
Limiting  layers  on  connective-tissue  bundles, 

,vid.  Con.  Tiss. 
Lingual  follicles,  vid.  Digest.  App. 
Lipoma,  vid.  Fatty  Tiss. 


Liquor  folliculi  of  ovary,  vid.  Gen.  Afp. 
Liver,  vid.  Digest.  App. 

cirrhosis  of,  vid.  Digest.  App. 
cells  of,  vid.  Digest.  App. 
lobules  of,  vid.  Digest.  App. 
susteutacular  substance  of,  vid.  Digest. 
App. 
Loosening  of  cells,  vid.  Cells 
Lungs,  vid.  Resp.  App. 

alveoli  of,  vid.  Rebp.  App. 
infundibula  of,  vid.  Resp.  App. 
vesicles  of,  vid.  Resp.  App. 
Lunula  of  nail,  vid.  Nail  Tiss. 
Lymphatic  circulation,  vid.  Vessels 
Lymphatic  glands  (nodes)^  vid.  Cntc.  App. 

of  various  organs,  vtd.  same 
Lymphatic  canals,  vid.  Vessels 
Lymphatics  of  several  organs,  vid.  same 
Lymphatic  passages  of  lymphatic  glands, 

vid.  CiKC.  App. 
Lymphatic  vessels,  vid.  Vessels 
Lymphatic  radicles,  vid.  Vessels 
Jjymphatic  vessels  in  intestinal  villi,  vid. 

Vessels  and  Digest.  App. 
Lymphatic  vessels  in  tadpole's  tail,   Hd, 

Vesseus 
Lymph  (and  Chyle),  131 

amount  of,  m  system,  134 
blood-corpuscles  in,  133 
cells  of,  132 
first  appearance  of  in  embr}0,  137 
source  of,  133 
composition  of  lymph  and  chyle,  134~lc6 
elementary  granules  of,  132 
molecules  of,  133 
physiological  significance  of,  131 
Lymph  corpuscles,  vid.  Lymph 
Lymph  corpuscles  of  blood,  vid.  Blood 
Lymph  corpuscles  as  elements  of  reticular 
connective  substance,  vid.  Gelat.  Con. 
Sub. 
Lymph  nodes  (glands),  vid.  CiRC.  App. 
Lymphoid  cells,  vid.  Lymph 
Lymphoid  follicles  of  conjunctiva  (trachoma 

glands),  420  and  Sens.  App. 
Lymphoid  organs,  vid.  CiRC.  App. 
Lymph  sheaths  of  vessels,  vid.  Vebsfxs 
Lymph  tubes  of  lymphatic  glands,  vid.  CiR. 
App. 

Macula   germinativa  of  ovum,  vid.  Gen 

App.  (female) 
Macula  lutea  of  eye,  vid.  Sens.  App. 
Malpiffhif  M.f  2 
MdCpighian  glomerulus   of    kidney,    vid 

ÜRIN.  App.  and  Vessels 
Malpighian  corpuscles  or  follicles  of  spleen, 

vid.  OiRC.  App. 
Malpighian    pyramids     of    kidney,    vid, 

Urin.  App. 
Malpighian  cells  of  lungs,  vid.  Resp.  App. 
Mammary  glands,  vid.  Gen.  App.  (fem.) 
Manganese,  92 

^an«'«  glands  of  ooi:gunctiva,t^.  Sens.  App. 
Margaric  acid,  26 
Maigarin,  36 

Medulla  of  nerve  fibres,  vid.  Nerve  Tiss. 
Medulla  oblongata,  vid.  Nerv.  Tiss. 
Medulla  spinalis,  vid.  Nerv.  App. 
Medulla  of  bone,  vid.  Bony  App. 

foetal,  vid.  Osseous  Tiss. 
MeduUaiy  canals  of  bone,  vid.  Oss.  Tiss. 
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Medallarv  pyramids  of  kidney,  vid.  Ubin. 

A¥P. 

Medullary  radii  of  kidneys,  vid.  Ubin,  App. 
Medullary  sheaths  of  nerves,  vid.  Nerv.  Tiss. 
Medullary  spaces  of  bone,  vid.  Oss.  Tiss. 
'  Medullary  substance  of  lymphatic  glands, 

via.  CiRC.  App. 
MeibonUan  glands  of  eyelids,  vid.  Sens.  App. 
Melanin,  52 

in  the  lungs,  vid.  Resp.  App. 
Membrana  capsulopupillaris,  vid.SESB.  Afp. 
Membrana  Descemetica  of  cornea,  vid.  Ck)n.- 

Tiss. 
Membrana  fenestrata  of  retina,  vid.  Sens. 

App. 
Membrana  follicularis  of  ovary,  vid.  Gen. 

App. 
Membrana  granulosa  of  ovary,  «u^.Gen.  App. 
Membrana  nyaloidea  of  eye,  vid.  Sens.  App. 
Membrana  limitans,  ext.  and  int.,  of  retina, 

vid.  Sens.  App. 
Membrana  propria  of  glandular  structures, 

vid.  Cells  and  Gland.  Tiss. 
Membrana  tympani,  vid.  Sens.  App. 
Membrana  tympani  secundaria,  vtd.  Sens. 

App. 
Menstrual  blood,  vid.  Blood 
Metabolic  force  of  cells,  -82 
Microscope,  invention  of,  2 
Middle  germinal  layer,  129 
Milk,  vid.  Gen.  App.  (female) 
Milk  globules,  vid.  Gen.  App. 

formation  of,  vid.  Gland.  Tiss. 
Milk  receptacles,  vid.  Gen.  App.  (female) 
Mineral  constituents  of  body,  55 

of  several  organs  and  fluids,  vid.  same 
Molecular  layer  of  retina,  vid.  Sens.  App. 
Molecules  foreign  in  muscle  fibres,  vid.  Mus. 

Tis. 
Monoglycerides,  24 
Morgan  and  Tomes,  vid.  Tomes 
Moraagnfs  hydatids,  vid.  Gen.  App. 
Mother  cells,  vid.  Parent  Cell 
Motus  vibratorius,  vid.  Epithelium 
Mouth,  vid.  Digest.  App. 
Mouths,  open,  of  lymphatics,  378 
Mucin,  21 

Mucous  glands  of  stomach,  vid.  Digest.  Apf. 
Mucous  membranes,  vid.  Con.-Tiss. 
Mucous  sheaths  of  muscles,  vid.  Mus.  Tiss. 
Mucous  sheaths  of  tendons,  vid.  Con. -Tiss. 
Mucus,  154 

corpuscles,  presence  of,   in  interior  of 
epithelial  cells,  91,  153 
Mutter's,  II.,  radiating  sustentacular  fibres 

of  retina,  vid.  Sens.  App. 
Muscle  bundles,  vid.  Mus.  Tiss. 
Muscle  fibres,  vid.  Mus.  Tiss.  and  Cells  as 

parents  of  tissues 
Muscle  tibrill8B,  vid.  Mus.  Tiss. 
Muscle  fibrin,  vid.  Mus.  Tiss. 
Muscle  Tissue,  280 
composition  of,  293 

constituents,  298 
contractile  fibre-cells,  281 

striped,  283 

structure  of,  282 
in  mature  animal,  282 
in  embryo,  282 
"where  found,  283 
contraction  of,  299 
decay  of,  303 


Muscle  Tissue- 
development  of,  801 
growth  of,  803 

mode  of  union  of,  with  tendons,  29i 
muscle  sugar,  33,  293 
myosin,  296 
neoplasis  of,  305 

pathological  changes  in,  804,  805 
perimysium,  293 
physiology  of,  299 
plasma  of,  296 
ramifying  fibres  of,  292 

arrangement  of,  in  bundles,  292 
rigor  mortis  of,  300 
sarkolemma,  302 
smooth,  281 
striped,  288 

accessory  disks,  289 

cementing  matter,  287 

CohTiheim's  mosaic,  290 

disks  of  Bowman,  286 

fibres  of,  283 

fibrillse  of,  285 

fleshy  substance  of,  285 

foreign  deposits  in,  291 

middle  disk  of  Hensen,  289 

muscle,  caskets  of,  289 

muscle,  corpuscles  of,  284 

primitive  bundles,  283 

primitive  sheath,  283 

sarkolemma,  283 
formation  of,  302 

seen  with  polarised  light,  290 

transverse  plate  of  transparent  cone  of 
Krause 

transverse  marking  on,  285 

zones  transparent  and  dark,  288 
syntonin.  16,  297 
unstripea,  281 
vessels  of,  291 

voluntary  and  involuntary,  281 
Muscle  caskets,  vid.  Mus.  Tiss. 
Muscle  corpuscles,  vid  Mus.  Tiss. 
Muscles,  lymphatics  of,  vid.  Mus.  App. 
nerves  of,  vid.  Nerv.  Tiss. 
plasma  of,  vid.  Mus.  Tiss. 
Muscle  sugar  (inosite),  33,  and  Mus.  Tias. 
Muscular  Apparatus,  573 
Blood  vessels,  574 

of  tendons,  573 
Lymphatics  of,  574 
Mucous  burss,  573 
Mucous  sheaths,  573 
Sesamoid  bones,  573 
Sesamoid  cartilages,  573 
Muscular  elements,  vid.  Cells,  parents  of 

other  structures,  and  Mus.  Tiaa. 
Myelin,  29 

Myeloplaxes,  vid.  Bony  App. 
Myosin,  16,  and  Mus.  Tiss. 

NaU,  160. 

cells,  162 

composition  of,  163 

embryonic  development  of,  164 

lunula  of,  162 

matrix  of,  161 

root,  161 
Nerve  fibres,  vid.  Cells,  parents  of  other 

structures,  and  Nerv.  Tiss. 
Nerve  loop«,  vid.  Nerve  Tiss. 
„Nerve  sheath  (perineurium),  vid.  Nerve  Tiss. 
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Kenre  Tiasne,  806 

axis,  cvlinders  of,  S07 

fibrillar  structure  of,  810 
cellular  elements  of  (corpuscles),  811 
apolar,  unipolar,  bipolar,  kc,  816 
body  (structure  of),  311,  819 
envelopes  of,  311,  312 
processes  (axis,  cylinder,  protoplasm) 
815 
purposes  of,  812 
spiral,  815 
composition,  388 

constituents  of,  888,  889 
development  of.  in  embryo,  841 
elements,  cellular  and  fibrous  (general 
arrangement  of,  in  nervous  centres), 
817  • 

fibres,  vid.  Nerve  Fibres 
ganglia,  structure  of,  333 
course  of  nerves  through,  834 
most  minute,  335 
perineurium  of,  388 
spinal,  834 
sympathetic,  334 
ganglion  cells  or  corpuscles,  805 
ganglionic  plexuses,  336 
myentericus  (plexus)  of  Auerbach,  836 
submucous,  336 
medulla  (nervous),  306 

coagulation  of,  306 
nerve  fibres  (varieties  of),  805 
anastomoses  of,  318 
coarse,  305 

double  contour  of  medullated,  806 
fine  dark-edged,  305 
medullated,  305 
neurilemma  of,  307 
non-meduUated,  808 
perineurium,  818 
primitive  fibrillse,  810 
primitive  sheath,  806' 
Jiemak's,  308 

structure  of,  807 
sympathetic,  819 
termination  of  (motor),  820 
in  elands,  826 
in  loops  (supposed)  819 
in  neural  eminences,  322 
in  non-medullated  fibres,  820 
in  salivary  glands,  326 
in  special  terminal  structures,  820 
in  striped  muscle,  322 
in  terminal  plates,  822 
in  unstripea  muscle,  824 
transverse  sections  of»  808 
nerve  tubes>  vid.  Nerve  Fibres 
physiology  of,  339 . 
plexuses,  318 

repair  of  nerves  after  section,  343,  344 
sensory  nerves,  326 
terminal  structures,  826 
bulb  of  Krause,  327 
end  capsules  of  gland  nerves,  827 

fenital  corpuscles,  327 
Pacinian  bodies,  829 
tactile  corpuscles  of  skin,  828 
termination    of    simply    sensitive 
nerves,  331 

in  corneal  epithelim,  882 
in  dental  pulp,  333 
Taricosities,  308 
Nerve  tubes,  vid.  Nerve  Tiat. 


Nerves  of  several  organs  and  tissues,  vid. 

-under  same 
Nkrvous  Afparatus,  574 
Cerebellum,  590 
cortical  layer  of,  591 
grey  layer  of,  592 

ganglion  cells  of,  592 
nerve  fibi-es  of,  590 
nucleus  dentalus  of,  591 
rust  brown  layer  of,  591 

granules  of,  591 
Cereorum,  594 
arachnoid  of,  599 
blood-vessels  of,  601 
cerebal  ganglia,  594 
cerebro-spinal  fluid,  599 
comu  ammonis,  597 
corpora  quadrigemina,  594 
corona  radiata,  595 
corpus  striatum,  594 
crura  cerebri  ad  pontem,  94 
development  of  central  organs,  602 
dura  mater,  598 
.hemispheres,  595 

cortex  of  (structure  of,  &c.),  595 
membranes  of,  598 
olfactory  bulb,  597 
optic  nerves  (origin  of),  594 
Pacchionian  granulations,  600 
peduncli  cerebri,  594 

"base"  of,  594 

•'cap"  of  594 
pia  mater,  599 
pineal  gland,  598 

pituitary  bo<ly,  698,  and  CiRa  APP. 
plexus  chorioidea,  600 
sabulous  matter  in,  601 
subarachnoid  spaces,  599 
substantia  mm,  594 
thalami  optici,  594 
Medulla  Oblongata,  583 
blood-vessels  of,  590 
columns  of  spinal  cord  in,  586 
cranial  nerves  arising  from,  586 
crura  cerebelli  ad  med.  oblong.,  589 

ad  Corp.  quad. ,  590 

ad  pontem,  589 
formatio  reticularis  of,  585 
lateral  accessory  comu  of,  585 
lateral  nervous  tract  of,  586 
nuclei  of  (specific,  &c.),  584 
olivary  bodies  of,  589 
pyramids  of,  589 
several  constituents  of,  583  . 
systems  of  fibres  of,  585 

structure  of,  585 
tractus  intemiedio  lateralis,  585 
Pons  Variolii,  690 
Spinal  Cord,  677 
anterior  comua,  578 

multipolar  ganglion  cells  of,  578 

processes  of  ganglion  cells,  578 
anterior  nerve  roots  of,  678 
axial  canal,  674 
bands  of  OoU  of,  578 
blood-vessels  of,  676 
columns  of,  574 
commissures  of,  574 
ependymal  thread  of,  575 
ganglion  cells,  582 
OoSa  bands,  678 
grey  matter  and  comua,  574 
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Nervous  Apparatus — 

Spinal  Cord,  nervous  elements  of,  577 
anan^ment  of,  in  white  substance, 

differences    in    thickness    of,     in 

several  columns,  577 
horizontal,  577 
lon^tudinal,  577 
obhaue,  577 

neuroglia,  575 

perivascular  canals,  577, 865 

posterior  comua,  581 

posterior  roots,  581 
relation  to  comua,  581 

substantia  gelatinosa  of  Rolando,  574 

sustentacular  substance  of,  575 
of  grey  and  white  matter,  576 

transverse  commissure  of,  582 
Nervous  nuclei  of  med.  oblong.,  vid,  Nkrv. 

App. 
Nervous  plexuses,  vid.  Nerve  Tiss. 
Nervous  tracts  (lateral)  of  med.  oblong.,  vid, 

Nerv.  App. 
Nervous  tracts  of  spinal  cord,  vid.  Nerv. 

App. 
Neural  eminence,  vid.  Nerve  Tiss. 
Neurilemma  (primitive  sheath),  vid.  Nerve 

Tiss. 
Neurin  (cholin),  48,  and  Nerve  Tiss. 
Neuroglia,  vid.  Gel.  Ti»s.  and  Nerv.  App. 
Neutra  fats,  vid.  Fats 
Nitrogen,  56 
Non-vascular  organs,  371 
Nose,  cavities  aud  accessor}'  cavities  of,  vid. 

Sens.  App. 
Nucleus,  vid.  Cells 
Nucleus  fibres,  vid.  Con.  Tiss. 
Nucleus  fibrous  of  lymphatic  glands,  vid, 

CiRC.  App. 
Nucleolus,  vid.  Cells 
NymphsD,  vid.  Gen.  App.  (female) 

Odontoblasts  (dentine  cells),  vid.  Dent.  Tiss. 

(Esophagus,  vid.  Digest.  App. 

Oleic  acid,  vid.  Elaidic  acid 

Olfactory  nerves  (ramification  and  termina- 
tion of,  in  regio  ol/actoria),  vid.  Sens. 
App. 

Olfactory  cells  of  regio  ol/actoria,  vid.  Sens. 
App. 

Olfactory  filaments,  vid.  Sens.  App. 

Olfactory  bulbs,  vid,  Nerv.  App.  and  Sens. 
App. 

Olfactory  organs,  tnd.  Sens.  App. 

Olfactory  roots,  vid.  Nerv.  App. 

Olivary  bodies,  vid.  Nerv.  App. 

0Uier^8  views  on  functions  of  periosteum  in 
formation  of  bone,  257 

Openings  (free)  of  lymphatics,  vid.  878 

Optic  nerve,  vid.  Sens.  App. 

expansion  of  same  to  form  retina,  vid. 

Sens.  App. 
origin  of,  vid.  Nerv.  App. 

Ora  serrata  of  retina,  vid.  Sens.  App. 

Orbital  muscles,  vid.  Sens.  App. 

Organs  of  the  body,  403 

Organ  of  OiraUUs,  vid.  Corps  innomini 

Organs  of  Hearing,  vid.  Sens.  App. 

Oi^n  of  Sight,  vtd.  Sens.  App. 

Oi^gan  of  Smell,  vid.  Sens.  App. 

Organ  of  Taste,  vid.  Sens.  App. 

Organ  of  Touch,  vid.  Sens.  App. 


Osseous  Tissue,  238 
bone  cartilage,  239 
bone  cells,  246 
bone  earths.  247 
canaliculi,  243 

cartilage  before  ossification,  261 
cartilage  medulla,  251 
classification  of  bones,  239 
composition  of,  247 
development  of,  250 
dotted  appearance  of,  243 
formation  of,  from  periosteum,  256 
glutin-yielding  substratum,  247 

Sowth  of,  256 
avertian  canals  of,  240 
Haversian  spaces  of,  242 
hiciAi8e,244 
hunellsB,  241 
formation  of,  254 
fundamental,  241 
general,  241 

special  {Haversian),  241 
subsequent  absorption  of,  in  newly 
formed  bone,  256 
medulla  (foetal),  253 
medullary  canals,  240 
medullary  spaces  (formation  of),  252, 

253 
neoplasis  (pathological)  of,  260 
ossein,  240 
ossification,  250 
direct,  of  cartilage,  256 
direct,  of  connective-tissue,  259 
points  of,  251 
osteoblasts,  254 
ostoklasts,  258 

physiological  purposes  of,  249 
preformation  of,  m  cartilage,  250 
regeneration  of,  for  repair,  259 
regeneration  from  penosteum,  260 
secondary  bones,  256 
Sharpey's  fibres,  244 
Ossein  (bone  cartilage),  vid.  Oss.  Tiss. 
Ossification  process,  vid,  Oss.  Tiss. 
Osteoblasts,  vid,  Oss.  Tiss. 
Osteogenesis,  vid.  Oss.  Tiss. 
Ostoklasts,  vid.  Oss.  Tiss. 
Otoliths,  vid.  Sens.  App. 
Ova  chains,  vid.  Gen.  App.  (female) 
Ova  primordial,  vid.  Gen.  App.  (female) 
Ovarial  follicles,  vid.  Gen.  App.  (female) 
Ovary,  vid.  Gen.  App.  (female) 
Ovigerms,  vid.  Gen.  App.  (female) 
Ovum  (ovulum),  vid.  Cells  and  Gkn.  App. 
Oxalic  acid,  35 
Oxygen,  56 
Oxynsemoglobin,  20 

Pacchionian  granulations,  vid.  Nerv.  App. 
Pacinian  corpuscles,  vid.  Nerv.  Tiss. 
Palatal  glands,  vid.  Digest.  App. 
Palmitic  acid,  25 
Palpebrae,  vid.  Sens.  App. 
Pancreas,  vid.  Digest.  App. 
Pancreatic  juice,  vid.  Digest.  App. 
Panniculus  adiposus,  vid.  Fatty  Tiss. 
Papilla  spiralis  (of  organ  of    Corti),    vid. 

Sens.  App. 
PapillsB    circumvallatse    of    tongue,    vid. 

Digest.  App. 
Papills  filiformis  (conioe)  of  tongaei,  vid. 

Digest.  App. 
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Papillae   fungiformis   (clavatss)  of  tongue, 

vid.  Digest.  App. 
Papillaa  renales,  vid.  ÜRIN.  App. 
Papillae  of  skin,  vid.  Sens.  App. 
PapilliB  of  tongue,  vid.  Sens.  App. 
Paralactic  acid,  34 

Paraovarium,  vid.  Oen.  App.  (female) 
Parent  cells,  vid.  Cells 
Parepididymis,  vid.  Gen.  App.  (male) 
Parietal  stream  of  blood-vessels,  vid.  Ves- 
sels 
Parotid  gland,  vid.  DiasST.  App. 
Parotid  saliva,  vid.  Digest.  App. 
Pavement  epithelium,  vid.  Epithelium 
Pedunculi  cerebri,  vid.  Nerv.  App. 
Penicillii  of  splenic  artery,  vid.  CiBO.  App. 
Penis,  vid.  Gen.  App.  (male) 
Pepsin,  18,  and  Digest.  App. 
Peptic  gland  cells,  vid.  Digest.  App. 
Peptones,  17,  and  Digest.  App. 
Perichondrium,  vid.  Cartilage  and  Con.  Tiss. 
Pericardium,  vid.  CiRC.  App. 
Perilymph   (aquula    Colunii),   vid.    Sens. 

App. 
Perimysium,  vid.  Mus.  Tis«. 
Perineurium,  vid.  Con.  and  Nerve  Tiss. 
Periosteum,  vid.  Con.  Tiss. 

functions  in  ossification,  vid.  Oss.  Tiss. 
Perithelium  (endothelium),  vid.  Epithelium 

and  Vessels 
Perivascular  canal  system  in  spinal  cord  and 

brain,  vid.  Nerv.  System 
Perspiration,  vid.  Sens.  App. 
Petit,  canal  of,  vid.  Sens.  App. 
Peyer*8  glands,  420,  and  Digest.  App. 
Pharynx,  vid.  Digest.  App. 

tonsil  of,  vid.  Digest.  App. 
Phenol,  36 

Physical  properties  of  blood,  vid.  Blood 
Pia  mater,  vtd.  Con.  Tiss.  and  Nerv.  App. 
Pigmentary  epithelium,  vid.  Epithelium 
Pigmentary  metamorphosis    of   cells,  vid. 

Cells 
Pigment  cells  (polyhedral),  vid.  Epithelium 

stellate,  vid.  Con.  Tiss. 
Pineal  gland,  vid.  Nerv.  App. 
Placenta  sanguinis,  vid.  Blood 
Plasmatic  vascular  system,  vid.  Vessels 
Pleura,  vid.  Resp.  App. 
Plexus  chorioidea  of  brain,  vid.  Con.  Tiss. 

and  Nerv.  App. 
Plexus  myentericus,  vid.  Nerv.  App.  and 

Digest.  App. 
Plexus  (formation  of),  vid.  Nerv.  Tiss. 
Plica  semilunaris  of  eye,  vid.  Sens.  App. 
Plic»  vasculosse,  vid.  Bony  App. 
Pons  Varolii,  vid.  Nerv.  App. 
Pore  canals  of  cells,  vid.  Cells 
Potash  compounds,  61  and  62 
Primitive  fibrillas 

of  con.  tiss.  vid.  Con.  Tiss. 

of  muscles,  vid.  Mus.  Tiss. 

of  nerves  and  axis  cylinders,  vid.  Nerv. 
Tiss. 
Primitive  sheath  (sarcolemma)  of  muscle, 

vid.  Mus.  Tiss. 
Processus  ciliares  of  eye,  vid.  Sens.  App. 
Processus  vermiformis,  vid.  Digest.  App. 
Prostate  gland,  vid.  Gen.  App.  (male) 
Prostatic  vesicle  (uterus  masculinus)   vid. 

Gen.  App.  (male) 
Prostatic  calculi,  vid.  Gkn.  App.  (male) 
44 


Protagon,  29 

Protein  bodies,  vid.  Albuminous  Compounds 
immediate  derivatives  of,  15 
remote  derivatives  of,  21 
Protoplasm,  66 
Protoplasm  processes  of  ganglion  cells,  vid. 

Nerve  Tiss.  and  Nerv.  App. 
Psorosjp|ermi.i  in  interior  of  columnar  epithe- 
lium, 91 
Pudenda,  vid.  Gen.  App.  (female) 
Pulpa  dentis  (dental  germ),  met.  Dent  Tina. 
Pulp  tubes  of  spleen,  vid.  CiRC.  App. 
Purkinje^  germinal  vesicle  of,  vid.  Gkn. 
App.  (female) 
fibres  of  heart,  vid.  CiRC.  App. 
Pus  corpuscles  in  interior  of  epithelial  cells, 
91,163 
emigrated    lymphoid   cells,    129,    91, 

153 
in  connective  tissue,  234 
Pyramids,  vid.  Nerv.  App, 
Pyramid  processes   of  kidney,  vid.  Urin. 

App. 
Pyramids,  decussation  of,  vid.  Nebv.  App. 

Peckiinghausen,  von,  on  formation  of  red 

blood  cells,  114 
Regeneration  of  several  tissues,  vid.  same. 
Re^io  olfactoria,  vid.  Sens.  App. 
JleisHer's  membrane  of  cochlea,  vid.  Sens. 

App. 
Pemak's  views  on  cell  theory^  vid.  Cell« 
Remak'a  fibres,  vid.  Nerve  Tis. 
Respiratory  Apparatus,  448. 
Bronchi  (stnicture  of),  450 
Composition  of  pulmonary  tissue,  457 
Larynx,  448 
cartilages  of  (structure  of),  176 
lymphatics  of,  449 
nerves  of,  449 
structure  of,  448 
vessels  of,  449 
Lungs,  450 
air-cells  of,  451 
alveoli  (structure  of ),  451 
arrangement  of  vessels  in,  453 
development  of,  458 
epithelium  of,  455 
iufundibula  of,  451 
lobes  of,  450 
lymphatics  of,  455 
pigmentary  deposit  in,  452 
vesicles,  461 
Neoplasms  in,  458 
Nerves  of,  456 
Pathological  changes  in,  458 
Pleura,  456 

absorption  from  cavity  of,  457 
Trachea,  449 
several   parts    (nerves,   lymphatics, 
vessels),  449 
Rete  Mcdpighi.  vid.  Epithelium 
Rete  testis,  vid.  Gen.  App.  (male) 
Retina,  vid.  Sens.  App. 
Rhodanide  of  potassium,  55 
Ridged  and  spinous  cells,  vid.  Cells 
Rods  of  retina,  vid.  Sens.  App. 
Polando   (substantia   gelatinosa   of),  vid, 

Nerv.  App. 
Rod  granules  of  retina,  vid.  Sens.  App. 
Roots  of  hair,  t^.  Hair 
Root  sheaths  (int.  and  ext.),  ru^.-Hair 
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Sacculi  lactiferi,  vid.  Gen.  Afp.  (fem.) 
Bacculus  ellipticus,  vid.  Sens.  App. 
BacculuB  rotund  us,  vid.  Sens.  App. 
Saliva,  vid.  Digest.  App. 
Salivary  glands,  vid.  Digest.  App. 
8imH>us  elenienU,  vid,  Mus.  Tis. 
Sarknlemnia,  vid,  Mus.  Tis. 
8arkin,  vid.  Uypozanihin 
8cala  media  tyinpani  and  vestibuli  of  coch- 
lea, via.  Sens.  App. 
Sclerotic  of  eye,  vid.  Sens.  App. 
Schletnm,  canal  of,  vid.  Sens.  App. 
Schneidenan  membrane,  vid.  Sens.  App. 
Schwann,  Th.,  3 
Schwann* s  sheath  of  nerve  fibre,  vid.  Nerve 

Tis. 
Sebum  cutaneum,  vid.  Sens.  App. 

formation  of,  351  and  2 
Sebum  palpebrale,  vid.  Sens.  Afp. 
Segmentation  of  cells,  vid.  Cells 
Semen  (sperma),  vid.  Gen.  App.  (male) 
Semicircular  canal,  vid.  Sens.  Afp. 
Seminal  filaments,  vid.  Gen.  App. 
Seminal  tubules,  vid.  Gkn.  App.  (male) 
Seminal  vesicles,  vid.  VersicuU»  Seminales 
Semicanalis  (sulcus)  spiralis  of  cochlea,  vid. 

Sens.  App. 
SnraoRT  Apparatus,  603 
Oisans  of  Hearing,  653 
development,  664 
external  ear,  658 
JBustachian  tube,  654 
ossicula  auditus,  and  muscles  of,  654 
pinna,  653 
tympanum,  653 
internal  ear,  654 
cochlea,  657 
canalis  cochlearis  of  RcisaTiert  657 
epithelium  of,  663 
termination  of  nerves  in,  663 
canalis  reuniens,  658 
Cortif  cells  of,  660 
Corti,  fibres  (pillars)  of,  660 

heads  of,  661 
OorH,  organ  of,  659 
external  and  internal  pillars  of, 

660 
hair  or  tufted  cells  of,  662 
habenula  externa  and  interna,  659 
habenula  perforata  and  tecta,  660 
lamina  spiralis,  657 
lamina  spiralis  accessoria,  663 
ligamentum  spirale,  663 
membrane  of  Rtiuner,  657 
scala  tymph.  and  vestib.,  657 
sulcus  spiralis,  659 
teeth  of  first  order,  660 
sona  denticulata,  659 
cona  pectinata.  662 
endolyroph(aquuia  vitrea  auditiva), 

655 
nerves,    acoustic,  distribution  of, 
655 
in  fishes  and  mammals,  656 
otoliths,  653  and  58 
perilymph  (a<^uula,  Coiunii)  654 
•acctilus  ellipticus  and  rotundus,  654 
semicircular  canals,  654. 
■eptem  nervenm,  655 
auditory  filaments,  656 
crista  acustica,  655 
fibre  cells  of  Schultze,  656 


Sknsort  Apparatus— 
Organs  of  Hearing — 

internal  ear,  vestibule,  654 
Organs  of  Sight,  617 
aqueous  humour,  629 
bulbus  occuli  (various  parts  of),  617 

vascular  system  of^  ol8 
canalof /'«M,  630 
ciliary  arteries,  vid.  Iris  (below), 
cornea,  618  and  220 
conjunctiva  of,  618 
lymphatics  of,  619 
nerves  of,  619 
vessels  of,  619 
comunctiva  of  eye,  649 
glands  of— 

Bruch* 8  plaques,  650 
convoluted,  649 
lymphoid,  650 
lymphatics  of,  650 
nerves  of,  terminating  in  epÜbe- 

lium,  650 
palpebral,  649 
plica,  semilunaris  of,  649 
vessels  of,  650 
development  of  eye,  651 
iris,  or  diaphragm  of  eye,  622 
ciliary  arteries,  624 
dilatator  pupUls,  623 
ligamentum  pectinatum  iridis,  623 
nerves  of,  62»  and  624 
sphincter  pupill»,  622 
vascular  system  of  iris  and  choroid, 
624 
circulns  arteriosus  iridis  mi^r, 

626 
cir.  art.  irid.  minor,  626 
cir.  art.  muscuL  cil.  626 
vessels  of  choriocapillaris,  625 
lachrymal  glands,  nerves  or  lympha- 
tics of,  651 
lens,  629 

lymphatics  of  eye,  647 
Meibomian  glands,  648 
muscles  of  eye,  648 
palpebrse,  648 
retina,  631 
composition  of,  647 
blood-vessels  of,  645 
fovea  centralis,  632 
layers  of,  vid.  strata 
macula  lutea,  632 
structure  of,  643 
medullated  retinal  fibres,  644 
membraua   fenestrata  of  Kraum, 

646 
membrana  limitans  ezter.,  638 
membraua  limitans  interna,  682 
ora  serrata,  632  and  644 
properties  of  several  constituents, 

646 
radiating  fibres  of  MiOler,  632 
stratum  oacillosum,  634 
bacillary  ellipsoids,  635 
constituents  of,  in  different  ani* 

mals,  634 
cones,  6313 
of  macula  lutea,  637 
supposed  functions  of,  646 
cone  granules,  636,  638 
cone  styles,  636 
cone  twins,  637 


INDEX. 


681 


Benbort  Apparatur— 
Organs  of  Sight- 
retina,  634 
fibres  of  Riiier,  636 
rods,  634 

supposed  functions  of,  646 
rod  granules,  635 
stratum  baciliosuni,  634 
stratum  cellulosum  of.  641 
stratum  fibriilosum  of,  642 
stratum  granulosum  ext.  of,  638 
stratum  granulosum  int.  of,  640 
stratum  intergranulosum  of,  638 
stratum  moleculare  of,  640 
sclerotic,  618  and  625 
canal  of  Schlemm  of,  618 
vessels  and  nerves  of.  618  and  628 
sebum  palpebnile,  648 
tears,  651 

uvea  (tunica  vasculosa),  621 
choroid  (structure  of)«  621 

transparent  limiting  layer  of,  621 
lamina  fusca,  621 
memb.  choriocapUIaris,  621 
musculus  ciliaris,  621 
processus  ciliaris,  621 
suprachorioidea,  621 
tensor  chonoidea,  lig.  cil.,  621 
veins  of,  627 
vente  vorticossB,  628 
vitreous  humour,  630 
merobrana  hyaloidea  of,  630 
with  its  relations  to  zone  of  Zinn 
and  canal  of  Petit 
sonula  Zinnii,  630 
Oi^gans  of  Smell,  612 
nose  (cavities  of,  and  accessories),  612 
regio  olfactoria,  613 
epithelium  of,  614 
glands  of  Bowman  of,  614 
olfactory  cells  of,  615 
olfactory  filaments  of,  615 
olfactory  nerve,  615 

supposed  termination  of,  616 
structure  of,  613 
Organs  of  Taste.  610 
gustatory  buds  of,  610 
gustatory  cells  of,  611 
gustatory   nerves    (termination    of), 
610 
in  papillaB  of  tongue,  610 
papilifle  foliat»  of,  610 
papillse  of  frog's  tongue,  612 
bowl  cells  of,  612 
cylinder  cells  of,  612 
forked  cells  of,  612 
Organ  of  Touch  (Skin),  603 
blood-vessels  of,  604 
cutis  (thickness  of  K  603 

development  of,  603 
epidermis  (thickness  of)  603 

development  of,  605 
glands  of,  605 
cemminous,  607 

cerumen  of,  607 
circumanal,  607 
sebaceous,  609 
development  of,  610 
sebum  cutaneum  of,  610 
structure  of,  609 
•weat,  605 
sweat  (composition  of),  606 


Sensort  Apparatus— 

Organ  of  Touch — 
glands,  sudorific,  where  found,  608 
lymphatics  of,  604 
papilIiB  of,  603 
perspiration  from,  607 
Septum  nerveum,  vid.  Sens.  App. 
Serum  sanguinis,  vid.  Blood 
Sesamoid  bones,  tid.  Mus.  App. 
Sesamoid  cartilages,  vid.  Mus.  App. 
Shafts  of  hair,  v%d.  Hair 
Sharpey'8  fibres,  vid.  Oss.  Tiss. 
Sheaths  of  nerves,  vid.  Nerve  Tiss. 
Silicic  acid,  57 
Skin  (as  tactile  or^an),  vid.  Sens.  App. 

secretions,  via.  Sens.  App. 
Small  intestine,  vid.  Digest.  App. 
Smegma  preputii,  vid.  Gen.  App. 
Sodium  compounds,  40,  59. 

carbonate  of,  60 

chloride  of,  60 

glycocholate  of,  40 

phosphate  of,  61 

sulphate  of,  61 

taurocholate  of,  40 
Solitary  glands  of  intestine,  vid.  407  and 

Digest.  App. 
Special  lamellae  {Haversian)  of  bone,  vid, 

Oss.  Tiss. 
Sphincter  pupillae,  vid.  Sens.  App. 
Spinal  ganglia,  vid.  Nerve  Tiss. 
Spinous  (and  ridged)  cells,  vid.  Cells 
Spiral  fibres  of  ganglionic  nerve  cells,  vid. 

Nerve  Tiss. 
Spiral  (so-called)  elastic,  vid.  Con.  Tis«.    ' 
Spleen  (&c.),  vid.  CiRC.  App. 
Splenic  blood,  vid.  Blood 
Spontaneous  generation  of  cells,  vid.  Cells 
Stearic  acid,  25 
StelluliB  Verheyenii  of  kidney,  vid.  Uriv. 

App. 
Stomach,  vid.  Digest.  App. 
Stomach,  juices  of,  vid.  Digest.  App. 
Stomachal  glands,  vid.  Digest.  App. 
Stratum  bacillosum  of  retina,  vid.  Sens. 
App. 

cellulosum  of  retina,  vid.  Sens.  App. 

fibriilosum  of  retina,  vid.  Sens  App. 

granulosum  (internal  and  external)  of 
retina,  vid.  Sens.  App. 

intei^granulosum  of  retina,  vid.  Sens. 
App. 

moleculare  of  retina,  vid.  Sens.  App. 
Struma  (goitre),  vid,  CiRO.  App. 
Subarachnoidal  spaces,  vid.  Con.  Tiss. 
Sublingual  gland,  vid.  Digebt.  App. 
Sublingual  saliva,  vid.  Digest.  App. 
Submaxillary  gland,  vid.  Digest.  App. 
Submaxillary  fialiva,  vid.  Digest.  App. 
Submucous  ganglionic  plexus  of  Remak  and 

Meissner,  vid.  Digest.  App. 
Substantia  gelatinosa  of  Rolando^  of  spinal 

cord,  vid,  Nerv.  App. 
Substantia  nigra  of  brain,  vid.  Nerv.  App. 
Succus  entericus,  vid.  Digest.  App. 
Succus  gastricus,  vid.  Digest.  App. 
Sudor  (sweat),  vid.  Sens.  App. 
Sugar  of  grape,  82 
Sugar  of  milk,  33 
Sulcus  (semicanalis)  spuralis  of  cochlea,  vid* 

Sens.  App. 
Sulphocyanogen,  54 
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Suprftchorioidea  (lamiiut  fusca)  of  eye,  vid. 

Sens.  App. 
Suprarenal  body,  vid.  CiBO.  App. 
Btutentacular  substance  (nervous), vui.  Gelat 

Tiss.  and  Nebv.  App. 
Sweat,  ffid.  Sens.  App. 
Sweat  glands,  vid.  Sens.  App. 
Sympathetic  cord,  vid.  Nerve  Tiss. 
Sympathetic  fibres,  vid.  Nerve  Tiss. 
Sympathetic  glands,  vid.  Nerve  Tiss. 
Symphyses,  vid.  Bony  App. 
Symphyses  of  vertebrae,  vid.  Cart  Tiss. 
Synovia.  155 

Synovial  sheaths  of  tendons,  vid.  Con.  Tiss. 
Syntonin,  vid.  Muse.  Tiss. 
Systems  of  the  body,  399 

Tactile  corpnficles,  vid.  Sens.  App. 

Tannin.  48 

Taurochlorie  acid,  40 

Tanrylic  acid,  36 

Tears,  vid.  Sens.  App. 

Teeth,  vid.  Dent.  Tiss. 

Tendons  (vessels  of),  vid.  Con.  Tiss. 

Tensor   chorioidea   (ciliary    muscle),     vid. 

Sens.  App. 
Terminal  plates,  vid.  Nerve  Tiss. 
Terminal  structures  of  nerves,  vid.  Nerve 

Tiss. 
Testis  (testiculns)^  vid.  Gen.  App.  (male) 
Thiüami  optici,  vtd.  Nerv.  App. 
Theca  of  ovarian  follicle,  vid.  Gen.  App. 
Thymus  gland,  vid.  CiRO.  App. 
Thyroid  gland,  vid.  ClBO.  App. 
Tissues,  1 

simple,  102 

cement  of,  vid.  Cells 

classification  of,  102, 103 

composite,  103 

elements  of,  1 
Tomes  and  De  Morgan's  Haversian  spaces, 

vid.  242  and  Oss.  Tiss. 
Tome*s  layer  of  dentine,  vid.  Dental  Tiss. 
Tongue,  vid.  Digest.  App. 

follicular  glands  of,  420 

glands  of,  vid.  Digest.  App. 

muscles,  vid.  Mus.  Tiss. 

^ApiWiBrvid.  Digest.  App. 
Tonsils,  420,  and  Digest.  App. 
Touch  corpuscles,  vid.  Sens.  App. 
Trachea,  vid.  Resp.  App. 
Trachoma  glands,  420,  and  Sens.  App. 
Tractus  intermedio  lateralis  of  med.  oblong, 

vid.  Nerv.  App. 
Tractus  olfactorioua,  vid.  Nerv.  App. 
TractuB  opticus,  vid.  Nerv.  App. 
Tributyrin,  25 
Triglycerides,  24 
Trimargarin,  26 
Triolein,  26 
Tripalmitin,  25 
Tristearin,  25 

Tubae  Fallopii,  vid.  Gen.  App.  (female) 
Tuberculisation  of  cells,  vid.  Cells 
Tubuli  seminiferi,  vid.  Gen.  App. 
Tubuli  uriniferi,  vid.  Urin.  App. 
Tympanum,  vid.  Sens.  App. 
Tyrosin  and  crystals,  47 
Tyson's  glands,  vid.  Gen.  App.  (male) 

Umbilical  artery,  vid.  Vessels 
umbilical  cord  (tissue  of),  vid.  Gelat.  Tiss. 


Ureter,  vid.  Urin.  App. 
Urethra  (female),  vid.  Urin.  Afp. 
Urinart  Apparatus,  514 
Bladder,  536 
Kidney,  514 
arterielle  rectse,  528 
BeUiniy  tubes  of,  vid.  tubuli  uriniferi 
bounds^  layer  of  Henle,  518 
blood-vessels  of,  526 
arrangement  of,  in  superficial  layer 
of  cortex,  528 
composition  of,  530 
convoluted  tubes  of,  520 
structure  of,  520 

termination  of,  in  glomerulus,  521 
cortex  corticis  of,  521 
cortical  pyramids  of,  520 
cortical  substance  of,  515 
development  of,  529 
glomeruli  of,  527 
capsule  of,  521 
vasa  afferentise  of,  527 
vasa  efferentisB,  527 
Henle's  investigations,  515,  516 
looped  tubes  of  HenU,  516 
lymphatics  of,  529 
Matpighian  p>Tamids  of,  515 
medullary  pyiaraids  of,  515 
medullaiy  radii  of,  519 
collecting  tubes  of,  522 
relation  to  ascending  and  deacend- 
ing  arms  of  looped  tubes,  525 
minute  anatomy  of,  522 
nerves  of,  529 
open  tubes  of,  516 
structure  of,  517 
impUl»  renales,  516 
pyramidal  processes,  519 
stelluliB  Verheyenii  of,  528 
straight  tubules  of,  519 
sustentacular  substance  of,  528 
tubuli  uriniferi  of,  515 
differences  in  med.  and  cort.,  515 
general  sketch  of  course  from  glomer- 
ulus outwiu-ds,  525 
vasa  recta,  528 
Urinary  passages,  536 
bladder,  536 
calyces,  536 
pelvis,  536 
ureter,  536 
urethra  (female),  536 
Urine,  530 

constituents  of,  531 
abnormal,  534 
occasional,  534 
proportion  of,  531 
fermentation  of,  534 
physiology  of,  535 
Uroerethrin,  52 
Urohsematin,  52 
Uterine  glands,  vid.  Gen.  App. 
Uterus,  vid.  Gen.  App. 
Uterus  masculinus  (vesicula  prostatica),  vid. 

Gen.  App.  (male) 
Uvea  of  eye,  vid.  Sens.  App. 

Vagina,  vid.  Gen.  App. 

Valves  of  vessels,  vid.  Vessels 

Valvul»  conniventes,  Kerkringit,  of  small 

intestine,  vid.  Digest.  App. 
Varicosities  of  nerves,  vid.  Nerve  Tiss. 
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VaroUi  pons,  vid.  Neby.  Afp. 

Vm  aberrans  HaUeri,  vid.  Gen.  App.  (male) 

Vas  afferens  and  efferens  of  lymphatic  (^anda, 
vid.  CiEO.  App. 

Vaa  deferens  of  testicle,  vid.  Gkn.  App. 

Vasa  aberrantia  of  liver,  vid.  Digest.  App. 

Yasa  afferentia  and  efferentia  of  the  glome- 
rulus of  kidney,  vid.  Ubin.  App. 

Vasa  recta  of  kidneys,  vid.  Urin.  App. 

Vasa  serosa  (plasmatic  vessels),  vid.  Veb- 


Vasa  vasorum,  vid.  Vessels. 

Vascula  efferentia  of  testicle,  vid.  Oen.  App. 

Vascular,  cells,  vid.  Cells,  parents  of  other 

structures,  and  Vessels 
Vascular  convolutions,  vid.  Vessels 
Vascular  membranes,  vid.  CJon.  Tiss. 
Vascular  nerves,  vid.  Vessels,  and  324 
Vascular  Tissue,  vid.  Vessels 
Veins,  vid.  Vessels 
Vena  interlobulares  of  liver,  vut.  Digest. 

App. 
Venie  intralobulares  (central  vein)  of  liver, 

vid.  Digest.  App. 
Vena  vorticos«  of  eye,  vid.  Sens.  App. 
Vernix  caseosa  of  infant,  160 
Vesicula  prostatica  (uterus  masculinus)  vid. 

Gen.  App. 
Vesicul«  seminales,  vid.  Gen.  App. 
Vessels  (Vascular  Tissue),  362 
Arteries,  362 
nerves  of,  370  and  324 
structure  of,  369 
umbilical,  369 
Blood-vessels,  362 
Capillaries,  362 
development  of,  385 
lymph  sheaths  of,  365 
structure  of,  368 
Capillary  canals  or  lacunae,  362 
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